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I. RFAT. PARTY TN TNTFRFST 



The real parties in interest are University of Tennessee 
Research Corporation, the Assignee, as evidenced by an Assignment 
recorded in the Patent and Trademark Office at Reel 012396, Frame 
0011 on December 26, 2001, and Board of Trustees of Ohio 
University, the Assignee, as evidenced by an Assignment recorded in 
the Patent and Trademark Office at Reel 013219, Frame 0333 on 
August 20, 2002. 



II. RF.T.ATF.D APPFAT.S AND TNTFR FFR FNflFS 



Appellant is aware of no other appeals or interferences 
which will directly affect or be directly affected by or have a bearing 
on the Board's decision in the pending appeal. 



III. STATUS OF CT.ATMS 



Originally claims 1-7 were filed with this Application. 
Claims 1-5 were withdrawn. Pending independent claim 6 is being 
appealed. 

IV. STATUS OF AMENDMENTS 

Subsequent to the final rejection mailed August 25, 
2004, Applicant submitted a Response After Final which canceled 
claims 1-5 and 7. In an Advisory Action mailed November 4, 2004, 
the examiner stated that the amendment will be entered for purpose 
of appeal. All pending claims are shown in Appendix A. 

V. SUMMARY OF n.ATMFX) SUBJECT MATTER 



The present invention is directed to a method of targeted 
drug delivery useful for treating cancer. The method comprises the 



steps of irradiating a cancerous target tissue in an individual, and 
then administering to the individual particles of biodegradable 
polymers or PEGylated copolymers comprising a pharmaceutical and 
antibodies or antibody fragments that bind to ICAM-1 expressed on 
endothelial cells of the irradiated tissue (page 2, lines 5-8; page 
13,lines 15-20). The method was demonstrated in vivo in a mouse 
closed cranial window model (Example 7). The data show that 
adhesion of anti-ICAM-1 coated microspheres to irradiated cerebral 
microvasculature was up to 25 times higher than that observed with 
control microspheres and reached a peak 48 hours post-irradiation 
(page 48, line 16 to page 49, line 10; Figure 11; see also Figure 12). 
The specification also presents data that strongly support the 
specificity of targeting drug carriers to select tissue via up-regulated 
expression of ICAM-1 adhesion molecules expressed on endothelial 
cells in response to radiation (page 50, line 17 to page 51, line 12). 



VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 



Claim 6 stands rejected under 35 U.S.C. §103 (a) as being 
unpatentable over Hallahan (U.S. Patent No. 6,159,443) in view of 



WO 98/53852, the known fact disclosed in the specification (page 
4, lines 3-20; page 5, lines 1-5 and page 10, lines 12-20), 
Mastrobattista et al. (Biochim. Biophys. Acta, 1999, 1419:353- 
363), and Patel et al. (FASEB, 1998, 12:1447-1454). 



VII. ARGUMENT 

Rejection Under 35 U.S.C. §103 

Claim 6 stands rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Hallahan (U.S. Patent No. 6,159,443) in view of 
WO 98/53852, the known fact disclosed in the specification (page 
4, lines 3-20; page 5, lines 1-5 and page 10, lines 12-20), 
Mastrobattista et al. (Biochim. Biophys. Acta, 1999, 1419:353- 
363), and Patel et al. (FASEB, 1998, 12:1447-1454). 

The Examiner contends the cited references teach the 
following. Hallahan teaches a method of treating cancer by 
exposing a target tissue or organ to ionizing radiation and 
administering P-selectin antibody-labeled delivery vehicle that carry 
active agent to the tumors (Abstract; col. 6, lines 5-30; col. 13, lines 
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24-30). WO 98/53852 teaches exposing tissue to irradiation 
causes an increase in expression of several cell adhesion molecules 
including ELAM-1, E-selectin and ICAM-1 in endothelial cells (pg. 2, 
lines 15-25; pg. 3, lines 1-10). The known facts disclosed in the 
specification on page 4, lines 3-20; page 5, lines 1-5; and page 10, 
lines 12-20 teach that it has been known for 15 years that exposure 
of normal and diseased tissue to irradiation causes an increase of 
leukocyte infiltration and adhesion of leukocytes to microvascular 
endothelium. Mastrobattista et al. teach biomolecular carrier 
bearing anti-ICAM-1 antibodies, and the uses of anti-ICAM-1 
immunoliposomes in vitro. Patel et al. teach particles of 
biodegradable polymer or PEGylated copolymer as a new type of 
drug carrier. 

The Examiner argues that it would have been obvious to 
apply the teaching of WO 98/53852, the known fact disclosed in 
the specification, Mastrobattista et al. and Patel et al. to those in 
Hallahan and substitute biomolecular carrier bearing antibodies to 
one cellular adhesion molecule, i.e. P-selectin, with antibodies 
against another cellular adhesion molecule, i.e. ICAM-1. Applicant 
respectfully disagrees. 



To establish a prima facie case of obviousness, three 
basic criteria must be met. First, there must be some suggestion or 
motivation, either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be 
a reasonable expectation of success. Finally, the prior art references 
when combined must teach or suggest all the claim limitations 
(M.P.E.P §2143). Applicant submits that the cited references neither 
teach all the claim limitations, nor do they provide one of skill in 
the art reasonable expectation of successfully producing Applicant's 
invention. 

Teaching of All The Claim Limitations 

Applicant submits that the cited references do not teach 
all of the elements of the present invention. Specifically, Applicant 
submits that the cited references do not teach in vivo targeting of 
ICAM-1 expressed on the surface of endothelial cells. Hallahan 
only teaches P-selectin which is localized to the vascular lumen and 
not on the vascular endothelial cell surface in irradiated tumors in 
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vivo (col. 5, line 64 to col. 6, line 45). The uses of anti-GP-IIb or 
anti-GP-IIIa antibodies "revealed the P-selectin is of platelet, not 
endothelial, origin" (col. 6, lines 7-9). Mastrobattista et al. only 
teach the uses of anti-ICAM-1 immunoliposomes to target bronchial 
epithelial cells in vitro. Hence, taken together, the cited references 
only teach targeting non-endothelial cell antigen in vivo or targeting 
ICAM-1 in vitro. 

The Examiner counters that the abstract . of 
Mastrobattista et al. "clearly states biomolecular carriers bearing 
anti-ICAM-1 antibodies can be effectively used to deliver drugs to 
the sites where the expression of ICAM-1 is increased" (Advisory 
Action mailed November 4, 2004, page 2). Applicant submits that 
Mastrobattista et al. did not provide any data relevant to using 
anti-ICAM-1 -bearing biomolecular carriers to target endothelial cells 
in vivo. 

As disclosed in Applicant's specification, the possibility 
exists that leukocytes may compete with endothelium for binding to 
the anti-ICAM-1 -bearing drug carriers because ICAM-1 exists not 
only on endothelial cells but also on leukocytes (page 50, lines 17- 



19). However, neither leukocytes nor the shear force and flow 
conditions existing in the vascular endothelial lumen are present in 
the in vitro epithelial model. Thus, in the absence of actual 
experimentation, it is not clear whether biomolecular carriers 
bearing anti-ICAM-1 antibodies administered in vivo will be diverted 
away from target tissue and bind to other ICAM-1 -expressing cells 
nor whether other cells present in the vascular lumen that bind to 
ICAM-1 will interfere with binding. Accordingly, Applicant submits 
that the teaching of in vivo uses of anti-ICAM-1 immunoliposomes is 
non-enabling in the absence of any supporting data in 
Mastrobattista et al. 

Reasonable F.xpectation of Success 

Applicant further submits that the teaching of the cited 
references does not provide one of ordinary skill in the art with 
reasonable expectation of successfully producing Applicant's 
invention. As discussed above, the combined references only teach 
targeting ICAM-1 in vitro. Results from in vitro experiments on 
epithelial cells do not provide any reasonable expectation of 
successfully targeting ICAM-1 expressed on vascular endothelial 
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cells in vivo. If, arguendo, one of ordinary skill in the art would be 
motivated to target ICAM-1 in the vascular endothelium in vivo, then 
reasonably one of such skill must expect that leukocytes could 
compete with, interfere with or prevent binding of any anti-ICAM-1 
carrier to endothelial expressed ICAM-1 in vivo because, as is known 
in the art, leukocytes not only express I-CAM 1, but adhere to ICAM- 
1 expressed on irradiated endothelial cells and subsequently are 
extravasated into the tissue. As leukocytes also express ICAM-1, this 
results in the aggregation of leukocytes at the ICAM-1 expressing 
endothelial cell surface. 

Therefore, whether anti-ICAM-1 antibodies can be used 
to target tumor tissue in vivo has to be determined by actual 
experimentation because ICAM-1 is expressed on cell types, e.g. 
leukocytes, other than endothelial cells in tumor tissue. In vitro 
experiments do not provide any indication on whether anti-ICAM-1 
antibodies administered in vivo will be diverted away from target 
tissue and bind to other ICAM-1 -expressing cells or prevented from 
binding, as discussed infra. Thus, the feasibility of targeting ICAM-1 
in vivo by anti-ICAM-1 antibodies has to be determined by empirical 
experimentation as shown herein (see Figures 9-12; Example 15). 

ll 



Since a reasonable expectation of success can only be found in 
Applicants specification, one of ordinary skill in the art merely 
would be trying which has long been held not to be the standard 
under 35 U.S.C. § 103(a). 

The cited references do not provide any data relevant to 
in vivo targeting of ICAM-1 by anti-ICAM-1 antibodies. The in vivo 
data of Hallahan are not relevant to in vivo targeting of ICAM-1. 
Hallahan only teaches targeting of non-endothelial cell antigen P- 
selectin which is localized to the vascular lumen, not on vascular 
endothelial cell surface in irradiated tumors in vivo (Hallahan, col. 
5, line 64 to col. 6, line 45). Furthermore, Hallahan teaches that the 
delivery vehicle must bind to an activated platelet or may be a 
leukocyte (Abstract). Hallahan discloses a "surprising observation" 
that platelets aggregate in tumor vessels in an irradiated tumor in a 
dose and time dependent manner and such aggregation may be 
mediated by P-selectin (col. 3, 11. 20-35). 

As is known in the art, in irradiated tissue, leukocyte 
velocity is decreased in the vascular endothelium by P-selectin which 
causes the leukocytes to roll so they may better adhere to the 
endothelial cell surface, as discussed supra. Therefore, Hallahan is 
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not teaching targeting P-selectin, but rather the in vivo binding of 
anti-platelet antigen delivery vehicles to platelets aggregating to P- 
selectin or of leukocytes aggregating to P-selectin in the vascular 
lumen. In considering the combination of what is known in the art 
or what Applicants disclose as known in the art with WO 
98/53852, Hallahan and Mastrobattista et al, one of ordinary 
skill in the art, in considering a reasonable expectation of success, 
still is faced with the question of whether leukocytes present in the 
vascular endothelial lumen of irradiated tissue will interfere with or 
preclude binding of Applicants' anti-ICAM-1 bioparticle. 

At a minimum, one of ordinary skill in this art cannot 
apply the teaching in Mastrobattista et al. of successful anti-ICAM- 
1 targeting in a static in vitro epithelial model to the method in 
Hallahan. Even though Applicants' specification, Hallahan and WO 
98/53852 teach P-selectin and ICAM-1 are expressed when tissue is 
irradiated, one cannot equate targeting P-selectin with targeting 
ICAM-1 because Hallahan teaches targeting platelets aggregated to P- 
selectin with a delivery vehicle comprising anti-platelet antigens. 
Only Applicants have demonstrated that the anti-ICAM-1 
bioparticles bind directly to ICAM-1 in the vascular endothelium. 

13 



The present specification provides data that show 
adhesion of anti-ICAM-1 coated microspheres to irradiated cerebral 
microvasculature was up to 25 times higher than that observed with 
control microspheres and reached a peak 48 hours post-irradiation 
(page 48, line 16 to page 49, line 10; Figure 11; see also Figure 12). 
The specification also discloses specificity of targeting drug carriers 
to select tissue via up-regulated expression of ICAM-1 adhesion 
molecules expressed on endothelial cells in response to radiation 
(page 50, line 17 to page 51, line 12). 

Furthermore, including Patel et al. in the combination 
does not remedy these deficiencies. The Examiner apparently argues 
in the Advisory Action that one of ordinary skill in the art would 
have a reasonable expectation of success in producing the 
biodegradable polymers of the present invention. Any teaching or 
suggestion or motivation found in Patel et al. to substitute 
biodegradable polymers for the liposomes of Mastrobattista et al. 
still does not overcome the problem of lack of a reasonable 
expectation of success not found in Applicants' disclosure, as 
discussed supra. Applicant reiterates that issues of feasibility and 
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specificity of targeting ICAM-1 in vivo have to be determined 
through empirical experimentation as disclosed herein. 



In view of the above remarks, the combined teaching of 



the cited references does not provide a person having ordinary skill 
in this art with the requisite expectation of successfully producing 
Applicant's claimed methods. The invention as a whole is not prima 
facie obvious to one of ordinary skill in the art at the time the 
invention was made. Accordingly, Applicant respectfully requests 
that the rejection of claim 6 under 35 U.S.C. §103(a) be withdrawn. 
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CI.ATMS APPENDIX 



1-5. (canceled) 

6. (previously presented): A method of treating a cancer 
in an individual in need of such treatment, comprising the steps of: 

irradiating a cancerous target tissue or organ in 
said individual; and 

administering to said individual a particle of 
biodegradable polymers or PEGylated copolymers comprising 
antibodies or antibody fragments that bind to ICAM-1 expressed on 
an endothelial cell of said irradiated tissue or organ and a 
pharmaceutical. 

7. (canceled) 
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DESCRIPTION 

P-SELECTIN TRANSLOCATION TO VASCULAR EPITHELIAL 
LUMEN BY IONIZING RADIATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to the fields of pulmonary pathology and to 
radiation biology. More particularly, it provides a variety of compositions and methods for use 
in reducing radiation injury in lung tissue, particularly relating to the expression of P-selectin 
and the induction of inflammatory cell response to radiation. 

2. Description of the Related Art 

Although significant effort continues to be applied to the development of effective 
anti-cancer strategies, many prevalent forms of human cancer still resist effective 
chemotherapeutic intervention. A considerable underlying problem that must be addressed in 
any treatment regimen is the concept of "total cell kill." This is based on the fact that in order 
to have an effective treatment regimen, whether it be a surgical or chemotherapeutic approach, 
or both, all of the so-called "clonogenic" malignant cells must be killed to prevent regrowth of 
the tumor mass. 

Due to the need to develop therapeutic agents and regimens capable of achieving such 
total cell kill, certain types of tumors have been more amenable than others to therapy. For 
example, lymphomas, and tumors of the blood and blood-forming organs, e.g., leukemias, have 
generally been more responsive to chemotherapeutic therapy, while solid tumors, such as 
carcinomas, generally prove more resistant to such therapies. 

One underlying reason for this phenomenon is that blood-based tumors are physically 
more accessible to the chemotherapeutic agents, whereas it is often difficult for most 
chemotherapeutic agents to reach all of the cells of a solid tumor. Increasing the dose of 
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chemotherapeutic agents, rather than achieving the desired total cell kill, most often results in 
toxic side effects that limit the effectiveness the chemotherapy. 

Even immunotoxins, that are directed to selected cancer cell antigens, have proven to be 
of limited use in the treatment of solid tumors (Weiner et al, 1989; Byers et al, 1989). One 
reason for this is that solid tumors are generally impermeable to antibody-sized molecules, 
often exhibiting specific uptake values of less than 0.001% of the injected dose/g of tumor in 
human studies (Sands et al, 1988; Epenetos et al, 1986). 

Further significant problems that can apply to any conventional chemotherapeutic 
include the formation of mutants that escape cell killing and regrow; the dense packing of cells 
within the tumor that creates a physical barrier to macromolecular transport; the absence of 
lymphatic drainage, creating an elevated interstitial pressure that reduces extravasation and 
fluid convection; the heterogeneous distribution of blood vessels that leaves certain tumor cells 
at a considerable difliision distance; and the adsorption of agents in the perivascular tumor 
cells. 

Radiation treatments address many of the shortcomings of chemotherapy. Radiation 
suffers from a lack of target specificity and from serious side effects. One side effect results 
from inflammatory reactions to radiation injury. The mechanisms of the inflammatory response 
include the induction of genes in the vascular endothelium that mediate the inflammatory 
response (Hallahan et al, 1995; Hallahan et al, 1996; Hallahan and Virudachalam, 1997). 
These radiation-inducible inflammatory mediators include the cell adhesion molecules (CAMs) 
E-selectin and ICAM-1, which are present on the vascular endothelium and provide molecular 
signals that regulate leukocyte adhesion and emigration. Leukocyte adhesion to blood vessels 
occurs soon after irradiation (Fliss and Menard, 1994; Panes et al, 1995). Infiltration of 
leukocytes into inflamed tissue is a primary component in inflammation mediated tissue injury 
(Collins, 1995; Springer, 1994; Fantone & Ward, 1985). The circulatory and migratory 
properties of neutrophils allow rapid accumulation of these inflammatory cells at sites of injury 
and infection. Neutrophils extravasate from the circulation in response to changes on the 
vascular endothelium that signal injury or infection. 
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CAM's that are induced within irradiated endothelial cells include the intercellular 
adhesion molecule-1 (ICAM-1) and the endothelial leukocyte adhesion molecule-1 (ELAM-1, 
E-selectin) (Hallahan et al, 1995, 1996, 1997a, 1997b). The role of these cell adhesion 
molecules in the pathogenesis of tissue injury has been implicated in rodent lung, liver and 
5 kidney models (Lo et al , 1 994). Elimination of leukocyte binding to the selectins or IC AM- 1 
attenuates the inflammatory response (Sligh etal, 1993; Labow et al, 1994). The selectins 
E-selectin and P-selectin progressively reduces the velocity of leukocyte movement over the 
endothelium (Collins, 1995; Springer, 1994; Lawrence & Springer, 1991). Following the 
slowing of leukocytes within blood vessels, these inflammatory cells extravasate and migrate 
10 into the inflamed tissue (Springer, 1994; Fantone & Ward, 1985). 

ICAM-1 functions in the pathogenesis of radiation-induced inflammatory injury in the 
lung. ICAM-1 is a proteoglycan /in the immunoglobulin superfamily that mediates leukocyte 
emigration from the circulation (Luscinskas et al, 1991 ; Smith et al , 1988). Homozygosity for 
a null ICAM-1 mutation (as found in the ICAM-1 .knockout mouse) eliminates the propagation 
1 5 of radiation-induced inflammation (Hallahan and Virudachalam, 1 997). 

Weibel Palade organelles (WPBs) (Weibel and Palada, 1964) are membranous 
organelles that are localized to the cytoplasm of endothelial cells Eyden, 1993). WPB have a 
single limiting membrane that encloses a dense matrix, von Willebrand factor (vWF) is 
compartmentalized to WPBs in endothelial cells and is released into the vascular lumen during 

20 exocytosis of WPB (Pinsky et al , 1 996). vWF is a large (360 kD) polypeptide that is capable 
of forming multimers within its storage granules in the vascular endothelium (Suzuki et al , 
1 996). Ionizing radiation induces vWF expression (Jahroudi et al , 1 996) and subsequent 
platelet activation (Verheij et al, 1994). The biological significance of radiation-induced 
platelet aggregates is that they may be associated with organ injury following bone marrow 

25 transplantation (Zeigler et al, 1996). Platelet aggregation has been proposed to contribute to the 
pathogenesis of tissue injury (Senaldi and Piguet, 1997; Verheij et al, 1994). 



P-selectin (GMP 140, CD63P), an adhesion receptor for leukocytes, is an 
activation-dependent surface protein found within alpha granules of platelets and in the WPBs 
of endothelial cells. Studies of the ultrastructure of the vascular endothelium within neoplasms 
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have demonstrated that WPBs in tumors are translocated to the cell membrane following 
stimulation (Eyden, 1993). P-selectin is translocated to the blood-tissue interface of the 
endothelium, and is not released from storage reservoirs, but remains tethered to the endothelial 
cell membrane (Johnston, 1989). P-selectin regulates several biological responses, including 
5 adhesion of circulating leukocytes to the vascular lumen, platelet aggregation, and activation of 
inflammatory cells (Malik and Lo, 1996). Platelets have recently been shown to roll along the 
vascular endothelium, which is dependent upon P-selectin translocation to the luminal surface 
of blood vessels (Frenette et al, 1995; Boukerche, 1996). P-selectin binds to its 
counterreceptors, carbohydrate ligands, and PSGL-1 on leukocytes, to activate signal 

1 0 transduction within the inflammatory cells and inflammatory cell activation (Haller et al , 1 997, 
Pouyani and Seed, 1995; Weyrich et al, 1995; Celi et al„ 1994). P-selectin-mediated 
monocyte production of MCP-1, tissue factor, or TNF can be attenuated by P-selectin blocking 
antibody (Weyrich et al, 1 995; Celi et al, 1994). P-selectin is required for the interaction 
between leukocytes and activated platelets (Lehr, et al, 1994). Platelet aggregation is 

1 5 attenuated by antibodies to P-selectin and is markedly delayed in P-selectin -/- mice 
(Subramaniam et al, 1996; Boukerche, 1996). The P-selectin knockout mouse has an 
attenuated inflammatory response (Mayadas etal,, 1993). 

Taken together, these findings implicate the role of cell adhesion molecules in the 
radiation-mediated inflammatory response. It is therefore clear that a significant need exists for 
20 the development of novel strategies for the alleviation of radiation related damage to normal 
tissue in the treatment of solid tumors. 



SUMMARY OF THE INVENTION 

The present invention seeks to overcome these and other drawbacks inherent in the prior 
art by providing improved methods and compositions for use in preventing damage to tissues, 
25 in particular to prevent damage to lung tissues, during radiation therapy. The present invention 
is based on the observation that P-selectin is translocated, shortly after radiation of pulmonary 
endothelium, to vascular lumen. The presence of P-selectin in this area is believed to facilitate 
leukocyte signaling and induction, which in turn causes inflammatory responses and tissue 
injury. In this aspect, the invention involves the blocking of P-selectin activation of leukocytes 
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following the translocation of the molecule P-selectin to the lumen of tumor vasculature 
endothelial cells, caused by ionizing radiation. 

Thus, in a first embodiment, the present invention concerns methods for preventing or 
treating radiation damage in an animal or human patient undergoing radiotherapy, or one that is 
5 accidentally exposed to ionizing radiation. These methods generally comprise administering to 
the irradiated animal or patient a pharmaceutically acceptable composition comprising a 
P-selectin binding agent alone, or with a selected second agent. The pharmaceutically 
acceptable composition may be administered to the animal in a topical, oral or parenteral 
formulation, depending on the damaged or protectable area. Binding to P-selectin, the 
10 interaction of this ligand with leukocyte and other inflammatory cell receptors in inhibited, and 
the inflammatory response should be reduced or blocked. 

The translocation of P-selectin occurs rapidly - within about 30 minutes. Thus, 
targeting of the P-selectin to prevent leukocyte activation should occur within about 15 minutes 
of the radiation. The treatment may constitute a single dose of the blocking agent or multiple 
1 5 doses over a longer period - e.g., about 30 minutes, about one hour, about two hours or later. 
The treatment may constitute a continuous provision of the blocking agent over the same 
extended periods: about 15-30 min., about 15-60 min., about 15-120 min., etc. 

The P-selectin binding agent of the composition may be an antibody, preferably, a 
monoclonal antibody, or a fragment thereof, such as an scFv, Fv, Fab', Fab or F(ab') 2 fragment 
20 of an antibody. Preferred antibodies are monoclonal antibodies (MAbs), as may be obtained 
from a variety of commercial sources, or that may be generated using standard MAb 
technology. 

Other effective P-selectin binding agents are oligosaccharides, polysaccharides, 
glycolipids, and even glycoproteins; oligosaccharides, polysaccharides or glycolipids 
25 formulated into liposome preparations; and oligosaccharides, polysaccharides or glycolipids 
conjugated to a protein or polypeptide carrier, such as albumin. Currently preferred liposome 
preparations are cationic liposomes, DOTMA/DOPE, DOTMA and DORIE. 
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Suitable oligosaccharides include PGSL, glycyrrhizin, carminic acid, cylexin, sialyl 
Lewis X/A oligosaccharides and sialyl Lewis X/A mimics. Examples of sialyl Lewis X/A 
oligosaccharides include sialyl Lewis X (sialyl Lewis\ sLe x , Neu5Aca2-3Galpl-4 
[Fucal-3]GlcNAc); sialyl Lewis A (sialyl Lewis*, sLe a , Neu5Aca2-3Gaipi-3 
5 [Fucal-4]GlcNAc); sialyl Lewis X/A (sLe xa ); sialyl Lewis pentasaccharides; sialyl Lewis 

tetrasaccharides; sulfated Le penta- and tetrasaccharides; and dimeric sialyl Lewis compounds. 
Currently preferred oligosaccharides are glycyrrhizin and sialyl Lewis X/A-based 
oligosaccharides, particularly sialyl Lewis pentasaccharides and tetrasaccharides; sulfated Le 
penta-and tetrasaccharides; and amino substituted sLe a , as described by Nelson et al (1993). 
1 0 Further useful P-selectin binding agents include structural analogues of the above 

oligosaccharides, including those identified in the pharmacophore search by Narasinga Rao et 
al (1994). 

Suitable P-selectin-binding polysaccharides include polylactosamine. A glycoprotein 
contemplated for use as an P-selectin targeting component is Protein C (Grinnell et al, 1994); 
15 and the 150 kD, 230 kd and 130 kd glycoproteins described by Lenter et al (1994) may also be 
employed. As used herein, thel50 kD, 230 kd and 130 kd glycoproteins described by Lenter et 
al (1994) are also referred to the "150 kD", the "230 kD", and the "130 kD", repectively. 

Still other effective P-selectin targeting components are cells, such as T lymphocytes or 
leukocytes, PMN's, eosinophils, NK cells, and the like. 

20 In a second embodiment, the observation that P-selectin is translocated to vascular 

lumen raises the possibility of using P-selectin targeting agents to deliver agents to the 
vasculature of a tumor or an otherwise diseased vasculature. In this aspect, the invention 
requires the translocation of the molecule P-selectin to the lumen of tumor vasculature 
endothelial cells by ionizing radiation, which then allows P-selectin to be targeted using 

25 specific binding compositions and selected agents. 



The invention therefore provides methods for delivering a selected agent to the 
vasculature of an animal or human subject comprising, generally, inducing P-selectin 
translocation to the lumen of vascular endothelial cells and administering to the animal a 
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composition comprising a P-selectin targeting component operatively associated with or 
attached to a selected agent. 

Again, given the relatively rapid translocation of P-selectin to the lumen, the 
administration of the targeting agent should occur within about 15-120 minutes, preferably 
5 about 30 minutes, from the radiation. The administration may be a single dose, multiple dose, 
or continuous infusion. 

Also provided are methods for delivering a selected agent to the tumor-associated 
vasculature of an animal or human patient having a vascularized tumor, which methods 
generally comprise translocating P-selectin to the tumor-associated vascular endothelial lumen 
10 and administering to the animal a composition comprising a P-selectin targeting compound 
operatively associated with or attached to a selected agent. 

Further provided are methods for delivering a selected agent to the disease-associated 
vasculature of an animal or human subject with a disease that has a vascular component, i.e., a 
disease that is connected in some manner with the aberrant function, or number, of blood 
15 vessels. These methods generally comprise inducing translocation of P-selectin to the lumen of 
disease-associated vascular endothelial cells and administering to the animal or patient a 
composition comprising an P-selectin targeting compound operatively associated with a 
selected agent. 

Methods for treating malignant and benign diseases that have a dysfunction of the 
20 vasculature as one causal or contributory factor also are provided. Such diseases include 
various solid tumors, diabetic retinopathy, vascular restenosis, arteriovenous malformation 
(AVM) and meningioma. These treatment methods generally include inducing the 
translocation of P-selectin to the lumen of disease-associated vascular endothelial cells of an 
animal or patient having a vascularized tumor, or a vascular component-associated benign 
25 disease, and administering to the animal or patient a therapeutically effective amount of a 
pharmaceutical composition comprising a P-selectin targeting component operatively 
associated with or attached to a selected agent. 
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In all such methods of the invention, the P-selectin translocation to the lumen of 
vascular endothelial cells may be induced by ionizing radiation, /.e., by exposing the cells to 
ionizing radiation at a dose sufficient to result in translocation. P-selectin translocation may be 
induced by y-irradiation, or preferably, by using by x-rays. Where cancer or other disease are to 
5 be treated, P-selectin translocation may be induced by specific x-ray irradiation of the tumor or 
disease site. Translocation of P-selectin also may be achieved using heat or oxidants, such as 
H 2 0 2 or 0 2 . This may also be controlled and directed to a specific area of the body. 

Following induction of P-selectin translocation, a composition of one or more 
selectin-second agent components is administered to the animal or patient, generally in a 
1 0 pharmaceutical^ acceptable formulation. This may be achieved by parenteral administration, 
by injection or instillation into the disease site or vascularized tumor site, e.g., using any one of 
a variety of catheters. 

The P-selectin targeting component of the composition may be an antibody, preferably, 
a monoclonal antibody, or a fragment thereof, such as an scFv, Fv, Fab', Fab or F(ab') 2 
1 5 fragment of an antibody. Preferred antibodies are monoclonal antibodies (MAbs), as may be 
obtained from a variety of commercial sources, or that may be generated using standard MAb 
technology. 

Other effective P-selectin targeting components are oligosaccharides, polysaccharides, 
glycolipids, and even glycoproteins; oligosaccharides, polysaccharides or glycolipids 
20 formulated into liposome preparations; and oligosaccharides, polysaccharides or glycolipids 
conjugated to a protein or polypeptide carrier, such as albumin. Currently preferred liposome 
preparations are cationic liposomes, DOTMA/DOPE, DOTMA and DORIE. 

Suitable oligosaccharides include PGSL, glycyrrhizin, carminic acid, cylexin, sialyl 
Lewis X/A oligosaccharides and sialyl Lewis X/A mimics. Examples of sialyl Lewis XI A 
25 oligosaccharides include sialyl Lewis X (sialyl Lewis\ sLe x , Neu5Aca2-3Gaipi-4 
[Fucal-3]GlcNAc); sialyl Lewis A (sialyl Lewis 8 , sLe a , Neu5 Aca2-3Gaipi-3 
[Fucal-4]GlcNAc); sialyl Lewis X/A (sLe xa ); sialyl Lewis pentasaccharides; sialyl Lewis 
tetrasaccharides; sulfated Le penta- and tetrasaccharides; and dimeric sialyl Lewis compounds. 
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Currently preferred oligosaccharides are glycyrrhizin and sialyl Lewis X/A-based 
oligosaccharides, particularly sialyl Lewis pentasaccharides and tetrasaccharides; sulfated Le 
penta-and tetrasaccharides; and amino substituted sLe a , as described by Nelson et al (1993). 
Further useful P-selectin binding agents include structural analogues of the above 
5 oligosaccharides, including those identified in the pharmacophore search by Narasinga Rao et 
al (1994) . 

Suitable P-selectin-targeting polysaccharides include polylactosamine. A glycoprotein 
contemplated for use as an P-selectin targeting component is Protein C (Grinnell et al, 1994); 
and the 1 50 kD, 230 kd and 1 30 kd glycoproteins described by Lenter et al (1994) may also be 
10 employed. 

Still further effective P-selectin selectin targeting components are cells, such as T 
lymphocytes or leukocytes, helper T cells, polymorphonuclear neutrophils, eosinophils, NIC 
cells, and the like, that are known to bind to P-selectin physiologically. Tumor-infiltrating 
lymphocytes (TILs) may be obtained from the animal to be treated and re-administered in 

1 5 conjunction with a selected agent or transfected with the ELAM ligand fticosyltransferase 

(ELFT) gene. The selected agent may be a recombinant vector that is inserted into the TIL, so 
that the vector expresses a protein following uptake into the vascular endothelial cells. Ligands 
isolated from leukocytes or T cells or from polymorphonuclear neutrophils, or recombinant 
versions of such ligands, may also be used as P-selectin targeting components. One such 

20 example is the HECA-452 antigen from lymphocytes (De Boer et al, 1994). 

Antibodies and oligosaccharide-containing compounds already administered to humans 
in the treatment of distinct diseases conditions may be initially preferred for use in this 
invention. For example, glycyrrhizin is a natural product that is used in Chinese herbal 
medicines (Davis and Morris, 1991). Many antibodies have been tested in animal models in 
25 studies directed to areas of diagnosis or treatment other than those connected with radiation 
(Keelan et al, 1994a; 1994b; Chapman et al, 1994; Ulich et al, 1994; Silber et al, 1994; 
Gosset et al, 1995), and as such have demonstrated acceptable safety levels. Diagnosis and 
therapy using antibody-based compounds is particularly based upon Roeske et al (1990) and 
Leichnere/ al (1993). 
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In the methods of the invention, after P-selectin translocation is induced to the lumen of 
vascular endothelial cells, a composition comprising a selectin targeting component operatively 
associated with, or attached to, a selected agent, is administered to an animal or patient. 

Appropriate selected agents include therapeutic agents, such as thrombolytic agents, and 
also, anticellular agents that kill or suppress the growth or ceil division of disease-associated 
endothelial cells. Examples of effective thrombolytic agents are streptokinase and urokinase. 

Effective anticellular agents include classical chemotherapeutic agents, such as steroids, 
antimetabolites, anthracycline, vinca alkaloids, antibiotics, alkylating agents, 
epipodophyllotoxin and anti-tumor agents such as neocarzinostatin (NCS), adriamycin and 
dideoxycytidine; mammalian cell cytotoxins, such as interferon-a (IFN-a), interferon-Py 
(1FN-Py) interleukin-12 (IL-12) and tumor necrosis factor-a (TNF-a); plant-, fungus- and 
bacteria-derived toxins, such as ribosome inactivating protein, gelonin, a-sarcin, aspergillin, 
restrictocin, ribonucleases, diphtheria toxin, Pseudomonas exotoxin, bacterial endotoxins, the 
lipid A moiety of a bacterial endotoxin, ricin A chain, deglycosylated ricin A chain and 
recombinant ricin A chain; as well as radioisotopes. 

Diagnostic agents will generally be a fluorogenic, paramagnetic or radioactive ion that 
is detectable upon imaging. Examples of paramagnetic ions include chromium (III), 
manganese (II), iron (III), iron (II), cobalt (II), nickel (II), copper (II), neodymium (III), 
samarium (HI), ytterbium (III), gadolinium (III), vanadium (II), terbium (III), dysprosium (III), 
holmium (III) and erbium (III) ions. 

• 123 99in 111 188 

Examples of radioactive ions include iodine , technicium , indium , rhenium , 
rhenium 186 , copper 67 , iodine 131 , yttrium 90 , iodine 125 , astatine 211 , gallium 67 , iridium 192 , cobalt 60 , 

• 226 198 137 32 

radium , gold , cesium and phosphorus ions. Examples of fluorogenic agents include 
gadolinium and renographin. 

In operatively attaching a fluorogenic, paramagnetic or radioactive ion to an 
oligosaccharide, polysaccharide or glycolipid, one may wish to first conjugate the 
oligosaccharide, polysaccharide or glycolipid to a protein or polypeptide carrier, such as 
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albumin, and then link the fluorogenic, paramagnetic or radioactive ion to the protein or 
polypeptide carrier, using methods commonly known in the art. 

In certain embodiments, the selected agent will be a recombinant vector, or other 
gene-expressing unit, that comprises a promoter operatively linked to a protein expression 
5 region. The vector will then direct the expression of the encoded therapeutic protein or 
polypeptide following uptake into vascular endothelial cells. 

The recombinant vectors may comprise an ionizing radiation-inducible promoter, such 
as a CArG domain of an Egr-1 promoter, a los promoter, a c-jun promoter or TNF-a promoter, 
operatively linked to a protein expression region. Alternatively, the vector may have a vascular 
10 endothelial cell specific promoter operatively, such as an Egr-1 gene promoter, an ICAM-1 
gene promoter or an E-selectin gene promoter, linked to a protein expression region. Certain 
ionizing radiation-inducible promoters are also vascular endothelial cell specific promoters. 

The protein expression region will often be one that expresses an anticellular agent 
capable of killing or suppressing the growth or cell division of disease-associated endothelial 
1 5 cells. Such agents are exemplified by tumor suppressor proteins, such as p53, pi 6, the 

retinoblastoma gene product and the Wilms' tumor gene product (WT1); chemotherapeutic 
agents, such as IFN-a, IFN-Py, 1L-12 and TNF-a; mammalian cell-, plant-, fungus- and 
bacteria-derived toxins, such as TNF-a, diphtheria toxin, Pseudomonas exotoxin, ricin A chain 
and deglycosylated ricin A chain; and agents that suppresses neovascularization. 

20 The protein expression unit, gene or vector may also ultimately effect cell killing or 

growth suppression by expressing an enzyme capable of converting a non-toxic pro-drug into a 
cytotoxic drug. Effective examples include the herpes simplex virus (HS V) thymidine kinase 
(tk) enzyme and the cytosine deaminase enzyme. 

The recombinant vector selected agents may be housed within cells, liposomes or 
25 viruses, such as a retrovirus, AAV, HSV-1, HPV, vaccinia, adeno-associated virus, or 

adenovirus, and may be targeted to selectin-expressing cells via other means, such as by linking 
to a bispecific antibody. 
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The present invention further provides methods for delivering agents to cells, and for 
treating benign and malignant diseases. These methods generally comprise administering to an 
animal or patient in which lumenal vascular endothelial cell P-selectin translocation has been 
induced, a pharmaceutical composition comprising a P-selectin targeting component 
operatively associated with a recombinant vector comprising an ionizing radiation-inducible 
promoter operatively linked to a protein expression region, and wherein the method further 
comprises inducing expression of the encoded protein by subsequently exposing the disease or 
tumor site to an additional effective dose of ionizing radiation. 

The invention still further provides methods for determining the radiation exposure of 
an animal or patient, which methods generally comprise determining the level of P-selectin 
translocation to the lumen of vascular endothelial cells of an irradiated site of the animal or 
patient, wherein an increase in the P-selectin level, in comparison to the level in normal or 
non-irradiated animals or patients, is indicative of an increase in radiation exposure. 

The level of P-selectin translocation may be determined by means of administering to 
the animal or patient an effective amount of composition comprising a P-selectin targeting 
component operatively associated with a detectable marker and exposing the animal or patient 
to a detection device to identify the detectable marker. 

The detection methods are exemplified by administering to the animal or patient 
glycyrrhizin, or an antibody that specifically binds to P-selectin, operatively associated with a 
nuclear magnetic spin-resonance isotope or a radioactive substance. 

Compositions and kits of the present invention include all the above described 
combinations of P-selectin binding agents and targeting components operatively associated 
with or attached to all the above described selected agents, and such compositions dispersed in 
pharmacologically acceptable media. Currently preferred P-selectin targeting and binding 
components are antibodies, glycyrrhizin, carminic acid, cylexin, sialyl Lewis X, sialyl Lewis A, 
sialyl Lewis X/A and sialyl Lewis X/A mimics. Currently preferred selected agents are 
anticellular agent capable of killing or suppressing the growth or cell division of 
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tumor-associated endothelial cells and fluorogenic, paramagnetic and radioactive ions that are 
detectable upon imaging. 

Other objects, features and advantages of the present invention will become apparent 
from the following detailed description. It should be understood, however, that the detailed 
5 description and the specific examples, while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various changes and modifications within the spirit 
and scope of the invention will become apparent to those skilled in the art from this detailed 
description. 

As used herein, the terms "binding" and "targeting" may be used interchangably. As 
1 0 used herein, the articles "a", "an" or "the" may be used to denote one or more than one. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specification and are included to 
further demonstrate certain aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in combination with the detailed 
1 5 description of specific embodiments presented herein: 

FIG. 1 . Dose-dependent increase in E-selectin expression in the lungs from C3H mice. 
Intensity of E-selectin immunofluoresence at 6 hours after exposure to the indicated dose of 
thoracic irradiation. Shown are the mean and SEM of three experiments. 

FIG. 2. Cell surface staining of P-selectin on x-irradiated (2 Gy) HUVEC. Cells were 
20 pretreated with A) buffer alone, B) Colcemid, C) nocodozol, D) cytochalasin-B. Confocal 

microscopy was used to measure immunofluorescence on the cell surface, which was quantified 
by NIH Image software. Shown are the mean and standard error of 10 cells measured in each of 
three experiments. 



25 



FIG. 3 Dose-dependent P-selectin translocation in irradiated HUVEC. HUVEC were 
x-irradiated with the indicated doses and fixed at 60 minutes. Confocal microscopy was used to 
measure immunofluorescence on the cell surface, which was quantified by NIH Image 
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software. Bar 0, no irradiation, bar 1 , 1 Gy, bar 2, 2 Gy, and bar 3, 5 Gy. Shown are the mean 
and standard error of 10 cells measured in each of three experiments. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

I. Present Invention 

5 Persistent disease or local recurrence is a primary mode of failure in cancer patients, 

especially those with advanced disease (Haagense, 1971). For example, when breast tumors 
greater than 5 cm are treated with 80 to 90 Gy, 44% fail within the field of irradiation (Fletcher 
and Shukovsky, 1975). Furthermore, 50% of inflammatory breast carcinoma patients have 
local recurrences when the treated with daily irradiation (Barker et al, 1980), while twice daily 

1 0 irradiation combined with chemotherapy reduces the rate of local recurrence to 20 to 27% 
(Fastenberg, 1985). 

Thus, improved local control has been achieved by aggressive chemotherapy and 
radiotherapy, but this is limited by both local and systemic toxicity. Systemic toxicities may be 
reduced and efficacy may be increased by localizing therapy to the site of disease. One 
1 5 approach to localizing anticancer pharmaceuticals to cancers is to use cytotoxic agents with an 
affinity for tumor vasculature (Bicknell, 1994). The vasculature is required for neoplasia and 
destruction of the vasculature can result in tumor necrosis (Malik, 1992). Carcinomas have 
abundant vasculature that may serve as a target for site specific anticancer pharmaceuticals 
(Harris et al, 1994). 

20 Accumulation of vascular smooth muscle cells as a consequence of arterial injury is 

another major feature of vascular proliferative disorders. Molecular approaches to the 
inhibition of smooth muscle cell proliferation in these settings could potentially limit intimal 
expansion. This problem has been approached by introducing adenoviral vectors encoding the 
herpes virus thymidine kinase (tk) into porcine arteries that had been injured by a balloon on a 

25 catheter (Ohno et al, 1994). These smooth muscle cells were shown to be infectable with 
adenoviral vectors, and introduction of the tk gene rendered them sensitive to the nucleoside 
analog ganciclovir. When this vector was introduced into porcine arteries immediately after a 
balloon injury, intimal hyperplasia decreased after a course of ganciclovir treatment. These 
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data suggest that transient expression of an enzyme that catalyzes the formation of a cytotoxic 
drug locally may limit smooth muscle cell proliferation in response to balloon injury. 
Nonetheless, effective targeting of vascular tissue remains a challenge. 

Endothelial cells line the lumen of blood vessels and cell adhesion-molecules (CAMs) 
5 expressed on their surface represent a potential target for "site-directed" pharmaceuticals. 

CAMs influence neutrophil binding following stimulation with cytokines or oxidants (Read et 
aL, 1994; Bevilacqua et aL, 1989). CAMs can also be induced by viral infection (Etingin et aL, 
1991). As CAMs bind to specific carbohydrates, glycoproteins, cells, viruses and antibodies, 
they represent a potential target for therapeutics. 

1 0 The inventors contemplated that an improved means of localizing CAM-based 

pharmaceuticals is to induce expression of a CAM within the tumor volume. This would 
require a CAM that is readily inducible, but has no basal expression in unirradiated tissues. 
The inventors selected low dose ionizing radiation as the inducing agent to promote endothelial 
cell surface expression of candidate molecules, with the aim of using radioisotopes and 

1 5 stereotactic radiotherapy to induce expression of CAMs in the vasculature of advanced cancers. 

The findings that acute and subacute clinical manifestations of ionizing radiation may in 
part mimic the inflammatory response to a number of stimuli (Slauson et aL, 1 976; Narayan 
and Cliff, 1982; Dunn et aL, 1986) prompted the inventors to investigate this area. Neutrophil 
margination of the vasculature and infiltration of the perivascular region occurs rapidly 

20 following irradiation (Reinhold et aL, 1990; Hopewell et aL, 1993; Dunn et aL, 1986; Matzner 
et aL, 1988). One of the components of acute inflammation is enhanced adherence of 
leukocytes to the endothelium before extravasation (Cliff, 1966). During the inflammatory 
reaction, endothelial cells rapidly and transiently produce a number of glycoproteins that 
influence neutrophil binding (Pober and Cotran, 1990). Unfortunately, this limits the doses of 

25 radiation that may be employed. Thus, inhibiting the binding and activation of leukocytes in 
response to radiation is another method for improving this therapeutic endeavor. 

To study the dose dependence of x-ray-mediated adhesion molecule expression, 
HUVEC cells were irradiated with a dose range from 0.5 to 50 Gy and cells were scraped at 4 
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or 24 h. E-selectin expression increased at 4 h following exposure to 0.5 Gy and increased in a 
dose dependent manner until 20 Gy after which plateau was reached. When cells were scraped 
and incubated with antibody 24 h following irradiation, only cells treated with 20 Gy or greater 
had a persistent increase in E-selectin expression as compared to those treated with lower doses 
5 that returned to baseline. In contrast, ICAM was not expressed at x-ray doses below 5 Gy, but 
showed an increase at 24 h when treated with higher doses. These data indicate that E-selectin 
is induced transiently following low doses of irradiation, while ICAM induction requires high 
radiation doses and expression is more prolonged and PCAM and VCAM are not increased by 
irradiation. The inventors also found that E-selectin induction in irradiated endothelial cells is 
10 PKC independent but requires the NFkB binding sequence and Raf-1 kinase activity. 

After x-irradiation, the endothelial leukocyte adhesion molecule-1 (ELAM-1, E- 
selectin) was primarily expressed in the pulmonary endothelium of larger vessels and 
minimally in the microvascular endothelium. Conversely, the intercellular adhesion molecule- 1 
(CD54; ICAM-1) was expressed in the pulmonary capillary endothelium, and minimally in the 
1 5 endothelium of larger vessels. Radiation-mediated E-selectin expression was first observed at 6 
hours, whereas ICAM-1 expression initially increased at 24 h after irradiation. ICAM-1 and E- 
selectin expression persisted for several days. 

P-selectin is constitutively expressed in Weibel-Palade bodies in the endothelium, 
which moved to the vascular lumen within 30 minutes after irradiation. P-selectin the entered 
20 the vascular lumen, but was not detected in the pulmonary endothelium at 6 hours after 
irradiation. The radiation dose required for increased P-selectin expression within the 
pulmonary vascular endothelium was 2 Gy, and expression increased in a dose-dependent 
manner. These data demonstrate that P-selectin is a viable target for tumor-directed therapy. 

Several classes of molecules bind to selectin including carbohydrates such as 
25 glycyrrhizin and sialyl Lewis X/A, monoclonal antibodies to selectins, and polymorphonuclear 
neutrophils. Conjugation of pharmaceuticals to molecules that bind selectins is now 
contemplated to allow localization of many classes of pharmaceuticals (Kanoka et al, 1990). 
These include chemotherapeutic agents, radiopharmaceuticals, and gene therapy delivery 
systems such as liposomes, and lysosomes. Moreover, results of gene therapy in the treatment 
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of cancer have had encouraging results (Gutierrez et al y 1992), and can now be improved using 
selectin-targeting agents. 

This invention therefore provides P-selectin conjugated pharmaceuticals that are 
directed to locally advanced cancers following radiation-induced translocation of P-selectin. 
5 Included are treatments of cancers such as brain, lung, liver, spleen, kidney, lymph node, small 
intestine, pancreas, blood cells, colon, stomach, breast, endometrium, prostate, testicle, ovary, 
skin, head and neck, esophagus, bone marrow and blood tumors. The invention is also intended 
for use in benign neoplasms, including meningiomas, arteriovenous malformations, 
hemangiomas and the like. Additionally, the invention may be employed in the treatment of 
10 other vascular diseases, such as diabetic retinopathy, because these treatments will destroy the 
aberrant vasculature - as the presently used laser treatment does. 

P-selectin though to play a role in inflammatory cell attachment and activation in the 
vascular endothelium. Thus, in a second embodiment, there are provided methods for the 
reduction of radiation induced inflammation in tissues by the blocking of P-selectin binding and 
1 5 activation of leukocytes and other inflammatory response cells. P-selectin binding agents, 
formulated as pharmaceuticals, are provided to irradiation vasculature, for example, lung 
vasculature, for the purpose of inhibiting the interaction of P-selectin with inflammatory cells. 

II. Generating Antibodies Reactive With P-Selectin 

In one aspect, the present invention contemplates an antibody that is immunoreactive 
20 with a P-selectin molecule of the present invention, or any portion thereof. An antibody can be 
a polyclonal or a monoclonal antibody. In a preferred embodiment, an antibody is a 
monoclonal antibody. Means for preparing and characterizing antibodies are well known in the 
art (see, e.g., Howell and Lane, 1988). 

Briefly, a polyclonal antibody is prepared by immunizing an animal with an immunogen 
25 comprising a polypeptide of the present invention and collecting antisera from that immunized 
animal. A wide range of animal species can be used for the production of antisera. Typically 
an animal used for production of anti-antisera is a non-human animal including rabbits, mice, 



WO 98/53852 



PCT/US98/10913 



-18- 

rats, hamsters, pigs or horses. Because of the relatively large blood volume of rabbits, a rabbit 
is a preferred choice for production of polyclonal antibodies. 

Antibodies, both polyclonal and monoclonal, specific for isoforms of antigen may be 
prepared using conventional immunization techniques, as will be generally known to those of 
5 skill in the art. A composition containing antigenic epitopes of the compounds of the present 
invention can be used to immunize one or more experimental animals, such as a rabbit or 
mouse, which will then proceed to produce specific antibodies against the compounds of the 
present invention. Polyclonal antisera may be obtained, after allowing time for antibody 
generation, simply by bleeding the animal and preparing serum samples from the whole blood. 

10 It is proposed that the monoclonal antibodies of the present invention will find useful 

application in standard immunochemical procedures, such as ELISA and Western blot methods 
and in immunohistochemical procedures such as tissue staining, as well as in other procedures 
which may utilize antibodies specific to P-selectin-related antigen epitopes. Additionally, it is 
proposed that monoclonal antibodies specific to the particular P-selectin of different species 

1 5 may be utilized in other useful applications 

In general, both polyclonal and monoclonal antibodies against P-selectin may be used in 
a variety of embodiments. For example, they may be employed in antibody cloning protocols 
to obtain cDNAs or genes encoding other P-selectin. They may also be used in inhibition 
studies to analyze the effects of P-selectin related peptides in cells or animals. Anti-P-selectin 

20 antibodies will also be useful in immunolocalization studies to analyze the distribution of P- 
selectin during various cellular events, for example, to determine the cellular or tissue-specific 
distribution of P-selectin polypeptides under different points in the cell cycle. A particularly 
useful application of such antibodies is in purifying native or recombinant P-selectin, for 
example, using an antibody affinity column. The operation of all such immunological 

25 techniques will be known to those of skill in the art in light of the present disclosure. 

Means for preparing and characterizing antibodies are well known in the art (see, e.g., 
Harlow and Lane, 1988; incorporated herein by reference). More specific examples of 
monoclonal antibody preparation are give in the examples below. 



WO 98/53852 



PCT/US98/10913 



-19- 

As is well known in the art, a given composition may vary in its immunogenicity. It is 
often necessary therefore to boost the host immune system, as may be achieved by coupling a 
peptide or polypeptide immunogen to a carrier. Exemplary and preferred carriers are keyhole 
limpet hemocyanin (KLH) and bovine serum albumin (BSA). Other albumins such as 
5 ovalbumin, mouse serum albumin or rabbit serum albumin can also be used as carriers. Means 
for conjugating a polypeptide to a carrier protein are well known in the art and include 
glutaraldehyde, m-maleimidobencoyl-N-hydroxysuccinimide ester, carbodiimide and bis- 
biazotized benzidine. 

As also is well known in the art, the immunogenicity of a particular immunogen 
10 composition can be enhanced by the use of non-specific stimulators of the immune response, 
known as adjuvants. Exemplary and preferred adjuvants include complete Freund's adjuvant (a 
non-specific stimulator of the immune response containing killed Mycobacterium tuberculosis), 
incomplete Freund's adjuvants and aluminum hydroxide adjuvant. 

The amount of immunogen composition used in the production of polyclonal antibodies 
1 5 varies upon the nature of the immunogen as well as the animal used for immunization. A 
variety of routes can be used to administer the immunogen (subcutaneous, intramuscular, 
intradermal, intravenous and intraperitoneal). The production of polyclonal antibodies may be 
monitored by sampling blood of the immunized animal at various points following 
immunization. A second, booster, injection may also be given. The process of boosting and 
20 titering is repeated until a suitable titer is achieved. When a desired level of immunogenicity is 
obtained, the immunized animal can be bled and the serum isolated and stored, and/or the 
animal can be used to generate mAbs. 

MAbs may be readily prepared through use of well-known techniques, such as those 
exemplified in U.S. Patent 4,196,265, incorporated herein by reference. Typically, this 
25 technique involves immunizing a suitable animal with a selected immunogen composition, e.g., 
a purified or partially purified P-selectin protein, polypeptide or peptide or cell expressing high 
levels of P-selectin. The immunizing composition is administered in a manner effective to 
stimulate antibody producing cells. Rodents such as mice and rats are preferred animals, 
however, the use of rabbit, sheep frog cells is also possible. The use of rats may provide certain 
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advantages (Goding, 1986), but mice are preferred, with the BALB/c mouse being most 
preferred as this is most routinely used and generally gives a higher percentage of stable 
fusions. 

Following immunization, somatic cells with the potential for producing antibodies, 
5 specifically B-lymphocytes (B-cells), are selected for use in the mAb generating protocol. 

These cells may be obtained from biopsied spleens, tonsils or lymph nodes, or from a peripheral 
blood sample. Spleen cells and peripheral blood cells are preferred, the former because they are 
a rich source of antibody-producing cells that are in the dividing plasmablast stage, and the 
latter because peripheral blood is easily accessible. Often, a panel of animals will have been 
1 0 immunized and the spleen of animal with the highest antibody titer will be removed and the 
spleen lymphocytes obtained by homogenizing the spleen with a syringe. Typically, a spleen 
from an immunized mouse contains approximately 5 x 1 0 7 to 2 x 1 0 8 lymphocytes. 

The antibody-producing B lymphocytes from the immunized animal are then fused with 
cells of an immortal myeloma cell, generally one of the same species as the animal that was 
1 5 immunized. Myeloma cell lines suited for use in hybridoma-producing fusion procedures 
preferably are non-antibody-producing, have high fusion efficiency, and enzyme deficiencies 
that render then incapable of growing in certain selective media which support the growth of 
only the desired fused cells (hybridomas). 

Any one of a number of myeloma cells may be used, as are known to those of skill in 
20 the art (Goding, 1986). For example, where the immunized animal is a mouse, one may use 
P3-X63/Ag8, P3-X63-Ag8.653, NSl/l.Ag 4 1, Sp210-Agl4, FO, NSO/U, MPC-11, 
MPC1 1-X45-GTG 1.7 and S194/5XX0 Bui; for rats, one may use R210.RCY3, Y3-Ag 1.2.3, 
IR983F and 4B210; and U-266, GM1500-GRG2, LICR-LON-HMy2 and UC729-6 are all 
useful in connection with cell fusions. 

25 Methods for generating hybrids of antibody-producing spleen or lymph node cells and 

myeloma cells usually comprise mixing somatic cells with myeloma cells in a 2: 1 ratio, though 
the ratio may vary from about 20: 1 to about 1:1, respectively, in the presence of an agent or 
agents (chemical or electrical) that promote the fusion of cell membranes. Fusion methods 
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using Sendai virus have been described (Kohler and Milstein, 1975; 1976), and those using 
polyethylene glycol (PEG), such as 37% (v/v) PEG, by Gefter et al., (1977). The use of 
electrically induced fusion methods is also appropriate (Goding, 1986). 

Fusion procedures usually produce viable hybrids at low frequencies, around 1 x 10~ 6 to 
5 1x10. However, this does not pose a problem, as the viable, fused hybrids are differentiated 
from the parental, unfused cells (particularly the unfused myeloma cells that would normally 
continue to divide indefinitely) by culturing in a selective medium. The selective medium is 
generally one that contains an agent that blocks the de novo synthesis of nucleotides in the 
tissue culture media. Exemplary and preferred agents are aminopterin, methotrexate, and 
1 0 azaserine. Aminopterin and methotrexate block de novo synthesis of both purines and 
pyrimidines, whereas azaserine blocks only purine synthesis. Where aminopterin or 
methotrexate is used, the media is supplemented with hypoxanthine and thymidine as a source 
of nucleotides (HAT medium). Where azaserine is used, the media is supplemented with 
hypoxanthine. 

15 The preferred selection medium is HAT. Only cells capable of operating nucleotide 

salvage pathways are able to survive in HAT medium. The myeloma cells are defective in key 
enzymes of the salvage pathway, e.g., hypoxanthine phosphoribosyl transferase (HPRT), and 
they cannot survive. The B-cells can operate this pathway, but they have a limited life span in 
culture and generally die within about two weeks. Therefore, the only cells that can survive in 

20 the selective media are those hybrids formed from myeloma and B-cells. 

This culturing provides a population of hybridomas from which specific hybridomas are 
selected. Typically, selection of hybridomas is performed by culturing the cells by single-clone 
dilution in microtiter plates, followed by testing the individual clonal supernatants (after about 
two to three weeks) for the desired reactivity. The assay should be sensitive, simple and rapid, 
25 such as radioimmunoassays, enzyme immunoassays, cytotoxicity assays, plaque assays, dot 
immunobinding assays, and the like. 

The selected hybridomas would then be serially diluted and cloned into individual 
antibody-producing cell lines, which clones can then be propagated indefinitely to provide 
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mAbs. The cell lines may be exploited for mAb production in two basic ways. A sample of the 
hybridoma can be injected (often into the peritoneal cavity) into a histocompatible animal of the 
type that was used to provide the somatic and myeloma cells for the original fusion. The 
injected animal develops tumors secreting the specific monoclonal antibody produced by the 

5 fused cell hybrid. The body fluids of the animal, such as serum or ascites fluid, can then be 
tapped to provide mAbs in high concentration. The individual cell lines could also be cultured 
in vitro, where the mAbs are naturally secreted into the culture medium from which they can be 
readily obtained in high concentrations. mAbs produced by either means may be further 
purified, if desired, using filtration, centrifugation and various chromatographic methods such 

10 as HPLC or affinity chromatography. 

The individual cell lines could also be cultured in vitro, where the MAbs are naturally 
secreted into the culture medium from which they can be readily obtained in high 
concentrations. 

MAbs produced by either means may be further purified, if desired, using filtration, 
15 centrifugation and various chromatographic methods such as HPLC or affinity chromatography. 
Fragments of the monoclonal antibodies of the invention can be obtained from the purified 
monoclonal antibodies by methods which include digestion with enzymes, such as pepsin or 
papain, and/or by cleavage of disulfide bonds by chemical reduction. Alternatively, 
monoclonal antibody fragments encompassed by the present invention can be synthesized using 
20 an automated peptide synthesizer. 

It also is contemplated that a molecular cloning approach may be used to generate 
monoclonals. For this, combinatorial immunoglobulin phagemid libraries are prepared from 
RNA isolated from the spleen of the immunized animal, and phagemids expressing appropriate 
antibodies are selected by panning using cells expressing the antigen and control cells e.g., 
25 normal-versus-tumor cells. The advantages of this approach over conventional hybridoma 

techniques are that approximately 10 4 times as many antibodies can be produced and screened 
in a single round, and that new specificities are generated by H and L chain combination which 
further increases the chance of finding appropriate antibodies. 
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Humanized monoclonal antibodies are antibodies of animal origin that have been 
modified using genetic engineering techniques to replace constant region and/or variable region 
framework sequences with human sequences, while retaining the original antigen specificity. 
Such antibodies are commonly derived from rodent antibodies with specificity against human 
5 antigens, such antibodies are generally useful for in vivo therapeutic applications. This 
strategy reduces the host response to the foreign antibody and allows selection of the human 
effector functions. 

The techniques for producing humanized immunoglobulins are well known to those of 
skill in the art. For example U.S. Patent No. 5,693,762 discloses methods for producing, and 
1 0 compositions of, humanized immunoglobulins having one or more complementarity 
determining regions (CDR's). When combined into an intact antibody, the humanized 
immunoglobulins are substantially non-immunogenic in humans and retain substantially the 
same affinity as the donor immunoglobulin to the antigen, such as a protein or other compound 
containing an epitope. 

1 5 Other U.S. patents, each incorporated herein by reference, that teach the production of 

antibodies useful in the present invention include U.S. Patent No 5,565,332, which describes 
the production of chimeric antibodies using a combinatorial approach; 4,816,567 which 
describes recombinant immunoglobin preparations and 4,867,973 which describes 
antibody-therapeutic agent conjugates. 

20 U.S. Patent 5,565,332 describes methods for the production of antibodies, or antibody 

fragments, which have the same binding specificity as a parent antibody but which have 
increased human characteristics. Humanized antibodies may be obtained by chain shuffling, 
perhaps using phage display technology, in as much as such methods will be useful in the 
present invention the entire text of U.S. Patent No. 5,565,332 is incorporated herein by 

25 reference. Human antibodies may also be produced by transforming B cells with EBV and 
subsequent cloning of secretors as described by Hoon et al, (1993). 

Antibody conjugates in which a P-selectin antibody is linked to a detectable label or a 
cytotoxic agent form further aspects of the invention. Diagnostic antibody conjugates may be 
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used both in vitro diagnostics, as in a variety of immunoassays, and in vivo diagnostics, such as 
in imaging technology. 

Certain antibody conjugates include those intended primarily for use in vitro, where the 
antibody is linked to a secondary binding ligand or to an enzyme (an enzyme tag) that will 
generate a colored product upon contact with a chromogenic substrate. Examples of suitable 
enzymes include urease, alkaline phosphatase, (horseradish) hydrogen peroxidase and glucose 
oxidase. Preferred secondary binding ligands are biotin and avidin or streptavidin compounds. 
The use of such labels is well known to those of skill in the art in light and is described, for 
example, in U.S. Patents 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149 and 
4,366,24 1 ; each incorporated herein by reference. 

Radioactively labeled monoclonal antibodies of the present invention may be produced 
according to well-known methods in the art. For instance, monoclonal antibodies can be 
iodinated by contact with sodium or potassium iodide and a chemical oxidizing agent such as 
sodium hypochlorite, or an enzymatic oxidizing agent, such as lactoperoxidase. Monoclonal 
antibodies according to the invention may be labeled with radioisotopes by ligand exchange 
process, for example, by reducing pertechnate with stannous solution, chelating the reduced 
technetium onto a Sephadex column and applying the antibody to this column or by direct 
labeling techniques, e.g., by incubating pertechnate, a reducing agent such as SNC1 2 , a buffer 
solution such as sodium-potassium phthalate solution, and the antibody. 

Intermediary functional groups which are often used to bind radioisotopes which exist 
as metallic ions to antibody are diethylenetriaminepentaacetic acid (DTP A) and ethylene 
diaminetetracetic acid (EDTA). Fluorescent labels include rhodamine, fluorescein 
isothiocyanate and renographin. 

III. Toxins and Radio- and Chemothcrapeutics 

Agents for delivery to cells include proteins such as toxins, enzymes, interferons, 
interleukins, hormones or cytokines, paramagnetic ions, radiotherapeutics and 
chemotherapeutics. For any polypeptide, a nucleic acid encoding that polypeptide may be 
delivered instead (see below). 
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Tumor suppressors of interest include p53, pi 6, RB, APC, DCC, NF-1, NF-2, WT-1, 
MEN-I, MEN-II, zacl, p73, VHL, MMAC1, FCC and MCC. Inducers of apoptosis, such as 
Bax, Bak, Bcl-X s , Bik, Bid, Harakiri, Ad E1B, Bad and ICE-CED3 proteases, similarly could 
find use according to the present invention. 

5 

Various enzyme are of interest according to the present invention. Such enzymes 
include cytosine deaminase, hypoxanthine-guanine phosphoribosyltransferase, galactose- 1- 
phosphate uridyltransferase, phenylalanine hydroxylase, glucocerbrosidase, sphingomyelinase, 
ct-L-iduronidase, glucose-6-phosphate dehydrogenase, HSV thymidine kinase and human 
10 thymidine kinase. 

Hormones are another group of polypeptides that may be delivered to cells as described 
herein. Included are growth hormone, prolactin, placental lactogen, luteinizing hormone, 
follicle-stimulating hormone, chorionic gonadotropin, thyroid-stimulating hormone, leptin, 

15 adrenocorticotropin (ACTH), angiotensin I and II, P-endorphin, p-melanocyte stimulating 
hormone (P-MSH), cholecystokinin, endothelin I, galanin, gastric inhibitory peptide (GIP), 
glucagon, insulin, lipotropins, neurophysins, somatostatin, calcitonin, calcitonin gene related 
peptide (CGRP), P-calcitonin gene related peptide, hypercalcemia of malignancy factor (1-40), 
parathyroid hormone-related protein (107-139) (PTH-rP), parathyroid hormone-related protein 

20 (107-11 1) (PTH-rP), glucagon-like peptide (GLP-1), pancreastatin, pancreatic peptide, peptide 
YY, PHM, secretin, vasoactive intestinal peptide (VIP), oxytocin, vasopressin (A VP), 
vasotocin, enkephalinamide, metorphinamide, alpha melanocyte stimulating hormone (alpha- 
MSH), atrial natriuretic factor (5-28) (ANF), amylin, amyloid P component (SAP-1), 
corticotropin releasing hormone (CRH), growth hormone releasing factor (GHRH), luteinizing 

25 hormone-releasing hormone (LHRH), neuropeptide Y, substance K (neurokinin A ), substance 
P and thyrotropin releasing hormone (TRFf). 

Other classes of polypeptides that are contemplated for the present invention include 
interferons, interieukins and cytokines. Inteferon-a, interferon-Py, interleukin 1 (IL-1), IL-2, 
30 IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-1 1 IL-12, GM-CSF and G-CSF. 
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Other therapeutics polypeptides include antigens such as viral antigens, bacterial 
antigens, fungal antigens or parasitic antigens. Viruses include picornavirus, coronavirus, 
togavirus, flavirviru, rhabdovirus, paramyxovirus, orthomyxovirus, bunyavirus, arenvirus, 
reovirus, retrovirus, papovavirus, parvovirus, herpesvirus, poxvirus, hepadnavirus, and 

5 spongiform virus. Preferred viral targets include influenza, herpes simplex virus 1 and 2, 
measles, small pox, polio or HIV. Pathogens include trypanosomes, tapeworms, roundworms, 
helminths, . Also, tumor markers, such as fetal antigen or prostate specific antigen, may be 
targeted in this manner. Preferred examples include HIV env proteins and hepatitis B surface 
antigen. Administration of a vector according to the present invention for vaccination purposes 

1 0 would require that the vector-associated antigens be sufficiently non-immunogenic to enable 
long term expression of the transgene, for which a strong immune response would be desired. 
Preferably, vaccination of an individual would only be required infrequently, such as yearly or 
biennially, and provide long term immunologic protection against the infectious agent. 

Many radioactive agents are known in the art, for both diagnostic and therapeutic 

1 5 purposes, as are methods for their attachment to antibodies (see, e.g. , U.S. patents 5,021 ,236 
and 4,472,509, both incorporated herein by reference). Certain attachment methods involve the 
use of a metal chelate complex employing, for example, an organic chelating agent such a 
DTPA attached to the antibody (U.S. Patent 4,472,509). Monoclonal antibodies also may be 
reacted with an enzyme in the presence of a coupling agent such as glutaraldehyde or periodate. 

20 Conjugates with fluorescein markers are prepared in the presence of these coupling agents or by 
reaction with an isothiocyanate. 

In the case of paramagnetic ions, one might mention by way of example ions such as 
chromium (III), manganese (II), iron (III), iron (II), cobalt (II), nickel (II), copper (II), 
neodymium (III), samarium (III), ytterbium (III), gadolinium (III), vanadium (II), terbium (III), 
25 dysprosium (III), holmium (III) and erbium (III), with gadolinium being particularly preferred. 

Ions useful in other contexts, such as X-ray imaging, include but are not limited to 
lanthanum (III), gold (III), lead (II), and especially bismuth (III). 

In the case of radioactive isotopes for therapeutic and/or diagnostic application, one 
might mention astatine 211 , ,4 carbon, 5l chromium, 36 chlorine, "cobalt, 58 cobalt, copper 67 , 152 Eu, 
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galliuro 67 , 3 hydrogen, iodine 123 , iodine 125 , iodine 131 , indium 111 , 59 iroh, 32 phosphorus, 
rhenium 186 , rhenium 188 , 75 selenium, 35 sulphur, technician" 1 " and yttrium 90 . I25 I is often being 
preferred for use in certain embodiments, and technicium 99m and indium 1 1 1 are also often 
preferred due to their low energy and suitability for long range detection. 

5 Radioactively labeled monoclonal antibodies of the present invention may be produced 

according to well-known methods in the art. For instance, monoclonal antibodies can be 
iodinated by contact with sodium or potassium iodide and a chemical oxidizing agent such as 
sodium hypochlorite, or an enzymatic oxidizing agent, such as lactoperoxidase. Monoclonal 
antibodies according to the invention may be labeled with technetium- 99 " 1 by ligand exchange 
10 process, for example, by reducing pertechnate with stannous solution, chelating the reduced 
technetium onto a Sephadex column and applying the antibody to this column or by direct 
labeling techniques, e.g., by incubating pertechnate, a reducing agent such as SNC1 2) a buffer 
solution such as sodium-potassium phthalate solution, and the antibody. 

Intermediary functional groups which are often used to bind radioisotopes which exist 
15 as metallic ions to antibody are diethylenetriaminepentaacetic acid (DTP A) and ethylene 
diaminetetracetic acid (EDTA). 

The agent also may a chemotherapeutic agent. Examples of such agents are adriamycin 
(doxorubicin), 5-fluorouracil, etoposide, camptothecin, actinomycin D, mitomycin C, or 
cisplatin. Agents that directly cross-link nucleic acids, specifically DNA, are envisaged to 
20 facilitate DNA damage. Agents such as cisplatin, and other DNA alkylating agents may be 
used. Cisplatin has been widely used to treat cancer, with efficacious doses used in clinical 
applications of 20 mg/m 2 for 5 days every three weeks for a total of three courses. Cisplatin is 
not absorbed orally and must therefore be delivered via injection intravenously, subcutaneously, 
intratumorally or intraperitoneally. 

25 Agents that damage DNA also include compounds that interfere with DNA replication, 

mitosis and chromosomal segregation. Such chemotherapeutic compounds include adriamycin, 
also known as doxorubicin, etoposide, verapamil, podophyllotoxin, and the like. Widely used 
in a clinical setting for the treatment of neoplasms, these compounds are administered through 
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bolus injections intravenously at doses ranging from 25-75 mg/m 2 at 21 day intervals for 
adriamycin, to 35-50 mg/m 2 for etoposide intravenously or double the intravenous dose orally. 

Agents that disrupt the synthesis and fidelity of nucleic acid precursors and subunits 
also lead to DNA damage. As such a number of nucleic acid precursors have been developed. 
5 Particularly useful are agents that have undergone extensive testing and are readily available. 
As such, agents such as 5-fluorouracil (5-FU), are preferentially used by neoplastic tissue, 
making this agent particularly useful for targeting to neoplastic cells. Although quite toxic, 5- 
FU, is applicable in a wide range of carriers, including topical, however intravenous 
administration with doses ranging from 3 to 15 mg/kg/day being commonly used. 

10 Other exemplary chemotherapeutic agents include hormones such as steroids; 

antimetabolites such as cytosine arabinoside, methotrexate or aminopterin; anthracycline; 
mitomycin C; vinca alkaloids; demecolcine; mithramycin; or alkylating agents such as 
chlorambucil or melphalan. 

Preferred immunotoxins often include a plant-, fungal- or bacterial-derived toxin, such 
15 as an A chain toxin, a ribosome inactivating protein, cc-sarcin, aspergillin, restirictocin, a 

ribonuclease, diphtheria toxin or pseudomonas exotoxin, to mention just a few examples. The 
use of toxin-antibody constructs is well known in the art of immunotoxins, as is their 
attachment to antibodies. Of course, combinations of the various toxins could also be coupled 
to one antibody molecule, thereby accommodating variable or even enhanced cytotoxicity. 

20 

One type of toxin for attachment to antibodies is ricin, with deglycosylated ricin A 
chain being particularly preferred. As used herein, the term "ricin" is intended to refer to ricin 
prepared from both natural sources and by recombinant means. Various "recombinant' or 
"genetically engineered 1 forms of the ricin molecule are known to those of skill in the art, all of 
25 which may be employed in accordance with the present invention. 

Deglycosylated ricin A chain (dgA) is preferred because of its extreme potency, longer 
half-life, and because it is economically feasible to manufacture it a clinical grade and scale 
(available commercially from Inland Laboratories, Austin, TX.). Truncated ricin A chain, from 
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which the 30 N-terminal amino acids have been removed by Nagarase (Sigma), also may be 
employed. 

IV. Linking of Agents to P-Selectin Targeting Components 

Linking or coupling one or more agents to an a targeting component may be achieved 
5 by a variety of mechanisms, for example, covalent binding, affinity binding, intercalation, 

coordinate binding and complexation. Preferred binding methods are those involving covalent 
binding, such as using chemical cross-linkers, natural peptides or disulfide bonds. 

The covalent binding can be achieved either by direct condensation of existing side 
chains or by the incorporation of external bridging molecules. Many bivalent or polyvalent 
10 agents are useful in coupling protein molecules to other proteins, peptides or amine functions. 
Examples of coupling agents are carbodiimides, diisocyanates, glutaraldehyde, diazobenzenes, 
and hexamethylene diamines. This list is not intended to be exhaustive of the various coupling 
agents known in the art but, rather, is exemplary of the more common coupling agents that may 
be used. 

15 In preferred embodiments, it is contemplated that one may wish to first derivatize the 

component, and then attach the agent to the derivatized product. As used herein, the term 
"derivatize" is used to describe the chemical modification of the antibody substrate with a 
suitable cross-linking agent. Examples of cross-linking agents for use in this manner include 
the disulfide-bond containing linkers SPDP (A/ r -succinimidyl-3-(2-pyridyldithio)propionate) and 

20 SMPT(4-succinimidyl-oxycarbonyl-a-methyl-a(2-pyridyldithio)toluene). 

Biologically releasable bonds are particularly important to the realization of a clinically 
active moieties, which should be capable of being released from the targeting component once 
it has entered the target cell. Numerous types of linking constructs are known, including 
simply direct disulfide bond formation between sulfhydryl groups contained on amino acids 
25 such as cysteine, or otherwise introduced into respective protein structures, and disulfide 
linkages using available or designed linker moieties. 

Numerous types of disulfide-bond containing linkers are known which can successfully 
be employed to conjugate agents to targeting components, however, certain linkers are 
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generally preferred, such as, for example, sterically hindered disulfide bond linkers are 
preferred due to their greater stability in vivo, thus preventing release of the toxin moiety prior 
to binding at the site of action. A particularly preferred cross-linking reagent is SMPT, 
although other linkers such as SATA, SPDP and 2-iminothiolane also may be employed. Once 
conjugated, it will be important to purify the conjugate so as to remove contaminants. 

In general, one technique will incorporate the use of Blue-Sepharose with a gel filtration 
or gel permeation step. Blue-Sepharose is a column matrix composed of Cibacron Blue 3GA 
and agarose, which has been found to be useful in the purification of immunoconjugates. The 
use of Blue-Sepharose combines the properties of ion exchange with A chain binding to 
provide good separation of conjugated from unconjugated binding. The Blue-Sepharose allows 
the elimination of the free (non-conjugated antibody) targeting component from the conjugate 
preparation. To eliminate the free (unconjugated) agent (e.g., dgA) a molecular exclusion 
chromatography step may be used using either conventional gel filtration procedure or high 
performance liquid chromatography. 

After a sufficiently purified conjugate has been prepared, one will generally desire to 
prepare it into a pharmaceutical composition that may be administered parenterally. This is 
done by using for the last purification step a medium with a suitable pharmaceutical 
composition. Such formulations will typically include pharmaceutical buffers, along with 
excipients, stabilizing agents and such like. The pharmaceutically acceptable compositions will 
be sterile, non-immunogenic and non-pyrogenic. Details of their preparation are well known in 
the art and are further described herein. It will be appreciated that endotoxin contamination 
should be kept minimally at a safe level, for example, less that 0.5 ng/mg protein. 

Suitable pharmaceutical compositions in accordance with the invention will generally 
comprise from about 10 to about 100 mg of the desired conjugate admixed with an acceptable 
pharmaceutical diluent or excipient, such as a sterile aqueous solution, to give a final 
concentration of about 0.25 to about 2.5 mg/ml with respect to the conjugate. 

In analyzing the variety of chemotherapeutic and pharmacologic agents available for 
conjugating to a targeting component, one may wish to particularly consider those that have 
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been previously shown to be successfully conjugated to antibodies and to function 
pharmacologically. Exemplary antineoplastic agents that have been used include doxorubicin, 
daunomycin, methotrexate, vinblastine. Moreover, the attachment of other agents such as 
neocarzinostatin, macromycin, trenimon and a-amanitin has also been described. The lists of 
5 suitable agents presented herein are, of course, merely exemplary in that the technology for 
attaching pharmaceutical agents to antibodies for specific delivery to tissues is well established. 

Thus, it is generally believed to be possible to conjugate to antibodies any 
pharmacologic agent that has a primary or secondary amine group, hydrazide or hydrazine 
group, carboxyl alcohol, phosphate, or alkylating group available for binding or cross-linking to 

10 the amino acids or carbohydrate groups of the antibody. In the case of protein structures, this is 
most readily achieved by means of a cross linking agent, as described above for the 
immunotoxins. Attachment also may be achieved by means of an acid labile acyl hydrazone or 
cis aconityl linkage between the drug and the antibody, or by using a peptide spacer such as 
L-Leu-L-Ala-L-Leu-L-Ala, between the y-carboxyl group of the drug and an amino acid of the 

15 antibody. 

V, Pharmaceuticals and Routes of Administration 

Where clinical applications and in vivo diagnositic applications are contemplated, it will 
be necessary to prepare pharmaceutical compositions in a form appropriate for the intended 
application. Generally, this will entail preparing compositions that are essentially free of 
20 pyrogens, as well as other impurities that could be harmful to humans or animals. 

One will generally desire to employ appropriate salts and buffers to render delivery 
vectors stable and allow for uptake by target cells. Buffers also will be employed when 
recombinant cells are introduced into a patient Aqueous compositions of the present invention 
comprise an effective amount of the vector to cells, dissolved or dispersed in a 
25 pharmaceutical^ acceptable carrier or aqueous medium. Such compositions also are referred to 
as inocula. The phrase "pharmaceutically or pharmacologically acceptable 1 ' refer to molecular 
entities and compositions that do not produce adverse, allergic, or other untoward reactions 
when administered to an animal or a human. As used herein, "pharmaceutically acceptable 
carrier" includes any and all solvents, dispersion media, coatings, antibacterial and antifungal 
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agents, isotonic and absorption delaying agents and the like. The use of such media and agents 
for pharmaceutical^ active substances is well know in the art. Except insofar as any 
conventional media or agent is incompatible with the vectors or cells of the present invention, 
its use in therapeutic compositions is contemplated. Supplementary active ingredients also can 
5 be incorporated into the compositions. 

The active compositions of the present invention may include classic pharmaceutical 
preparations. Administration of these compositions according to the present invention will be 
via any common route so long as the target tissue is available via that route. This includes oral, 
nasal, buccal, rectal, vaginal or topical. Alternatively, administration may be by orthotopic, 
10 intradermal, subcutaneous, intramuscular, intraperitoneal or intravenous injection. Such 

compositions would normally be administered as pharmaceutical^ acceptable compositions, 
injected intravenously in a direct, local or regional fashion with respect to .the target site. 

The active compounds may also be administered parenterally or intraperitoneally. 
Solutions of the active compounds as free base or pharmacologically acceptable salts can be 
1 5 prepared in water suitably mixed with a surfactant, such as hydroxypropylcellulose. 

Dispersions can also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof 
and in oils. Under ordinary conditions of storage and use, these preparations contain a 
preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or 
20 dispersions and sterile powders for the extemporaneous preparation of sterile injectable 

solutions or dispersions. In all cases the form must be sterile and must be fluid to the extent 
that easy syringability exists. It must be stable under the conditions of manufacture and storage 
and must be preserved against the contaminating action of microorganisms, such as bacteria 
and fungi. The carrier can be a solvent or dispersion medium containing, for example, water, 
25 ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and 
the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, 
for example, by the use of a coating, such as lecithin, by the maintenance of the required 
particle size in the case of dispersion and by the use of surfactants. The prevention of the action 
of microorganisms can be brought about by various antibacterial an antifungal agents, for 
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example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum monostearate and gelatin. 

5 VIL Transgenic Animals/Knockout Animals 

In one embodiment of the invention, transgenic animals are produced which lack a 
functional P-selectin gene. Such transgenic animals and transgenic embryos may be useful in 
methods as described in the examples, for example, in determining inflammatory dose 
responses to radiation. Alternatively, one may wish to introduce a P-selectin gene into a cell 
1 0 such that its regulation is not typical of that found in nature. 

Methods for producing transgenic animals are generally described by Wagner and 
Hoppe (U.S. Patent No. 4,873,191 ; which is incorporated herein by reference), Brinster et al 
1985; which is incorporated herein by reference in its entirety) and in "Manipulating the Mouse 
Embryo; A Laboratory Manual" 2nd edition (eds., Hogan, Beddington, Costantimi and Long, 
15 Cold Spring Harbor Laboratory Press, 1994; which is incorporated herein by reference in its 
entirety). 

VIII. Expression Constructs 

The present invention also provides, in another embodiment, delivery of expression 
constructs. Expression constructs of the present invention will be used to deliver genes, under 
20 the control of appropriate eukaryotic regulatory machinery, such the genes are expressed and 
affect the target cell into which they have been delivered. 

A. Therapeutic Genes 

The present invention contemplates the use of a variety of different genes. For example, 
genes encoding enzymes, hormones, cytokines, oncogenes, receptors, tumor suppressors, 
25 transcription factors, drug selectable markers, toxins and various antigens are contemplated as 
suitable genes for use according to the present invention. In addition, antisense constructs 
derived from oncogenes are other "genes" of interest according to the present invention. 
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Tumor suppressors include p53, pl6, RB, APC, DCC, NF-1, NF-2, WT-1, MEN-I, 
MEN-II, zacl, p73, VHL, MMAC1, FCC and MCC. Inducers of apoptosis, such as Bax, Bak, 
Bcl-X s , Bik, Bid, Harakiri, Ad E1B, Bad and ICE-CED3 proteases, similarly could find use 
according to the present invention. 
5 Various enzyme genes are of interest according to the present invention. Such enzymes 

include cytosine deaminase, hypoxanthine-guanine phosphoribosyltransferase, galactose- 1- 
phosphate uridyltransferase, phenylalanine hydroxylase, glucocerbrosidase, sphingomyelinase, 
a-L-iduronidase, glucose-6-phosphate dehydrogenase, HSV thymidine kinase and human 
thymidine kinase. 

10 Hormones are another group of gene that may be used in the vectors described herein. 

Included are growth hormone, prolactin, placental lactogen, luteinizing hormone, follicle- 
stimulating hormone, chorionic gonadotropin, thyroid-stimulating hormone, leptin, 
adrenocorticotropin (ACTH), angiotensin I and II, p-endorphin, p-melanocyte stimulating 
hormone (P-MSH), cholecystokinin, endothelin I, galanin, gastric inhibitory peptide (GIP), 

15 glucagon, insulin, lipotropins, neurophysins, somatostatin, calcitonin, calcitonin gene related 
peptide (CGRP), p-calcitonin gene related peptide, hypercalcemia of malignancy factor (1-40), 
parathyroid hormone-related protein (107-139) (PTH-rP), parathyroid hormone-related protein 
(107-111) (PTH-rP), glucagon-like peptide (GLP-1), pancreastatin, pancreatic peptide, peptide 
YY, PHM, secretin, vasoactive intestinal peptide (VIP), oxytocin, vasopressin (A VP), 

20 vasotocin, enkephalinamide, metorphinamide, alpha melanocyte stimulating hormone (alpha- 
MSH), atrial natriuretic factor (5-28) (ANF), amylin, amyloid P component (SAP-1), 
corticotropin releasing hormone (CRH), growth hormone releasing factor (GHRH), luteinizing 
hormone-releasing hormone (LHRH), neuropeptide Y, substance K (neurokinin A ), substance 
P and thyrotropin releasing hormone (TRH). 

25 Other classes of genes that are contemplated to be inserted into the vectors of the 

present invention include interferons, interleukins and cytokines. Inteferon-a, interferon-py, 
interleukin 1 (IL-1), IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-1 1 IL-12, GM-CSF 
and G-CSF. 

Other therapeutics genes might include genes encoding antigens such as viral antigens, 
30 bacterial antigens, fungal antigens or parasitic antigens. Viruses include picornavirus, 
coronavirus, togavirus, flavirviru, rhabdovirus, paramyxovirus, orthomyxovirus, bunyavirus, 
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arenvirus, reovirus, retrovirus, papovavirus, parvovirus, herpesvirus, poxvirus, hepadnavirus, 
and spongiform virus. Preferred viral targets include influenza, herpes simplex virus 1 and 2, 
measles, small pox, polio or HIV. Pathogens include trypanosomes, tapeworms, roundworms, 
helminths, . Also, tumor markers, such as fetal antigen or prostate specific antigen, may be 
5 targeted in this manner. Preferred examples include HIV env proteins and hepatitis B surface 
antigen. Administration of a vector according to the present invention for vaccination purposes 
would require that the vector-associated antigens be sufficiently non-immunogenic to enable 
long term expression of the transgene, for which a strong immune response would be desired. 
Preferably, vaccination of an individual would only be required infrequently, such as yearly or 

10 biennially, and provide long term immunologic protection against the infectious agent. 

In yet another embodiment, the heterologous gene may include a single-chain antibody. 
Methods for the production of single-chain antibodies are well known to those of skill in the 
art. The skilled artisan is referred to U.S. Patent No. 5,359,046, (incorporated herein by 
reference) for such methods. A single chain antibody is created by fusing together the variable 

15 domains of the heavy and light chains using a short peptide linker, thereby reconstituting an 
antigen binding site on a single molecule. 

Single-chain antibody variable fragments (Fvs) in which the C-terminus of one variable 
domain is tethered to the N-terminus of the other via a 15 to 25 amino acid peptide or linker, 
have been developed without significantly disrupting antigen binding or specificity of the 

20 binding (Bedzyk et al y 1990; Chaudhary ei a/., 1990). These Fvs lack the constant regions (Fc) 
present in the heavy and light chains of the native antibody. 



B. Antisense Constructs 

Antisense technology also may be used to "knock-out" the function of negative effector 
25 genes. Antisense methodology takes advantage of the fact that nucleic acids tend to pair with 
"complementary" sequences. By complementary, it is meant that polynucleotides are those 
which are capable of base-pairing according to the standard Watson-Crick complementarity 
rules. That is, the larger purines will base pair with the smaller pyrimidines to form 
combinations of guanine paired with cytdsine (G:C) and adenine paired with either thymine 
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(A:T) in the case of DNA, or adenine paired with uracil (A:U) in the case of RNA. Inclusion of 
less common bases such as inosine, 5-methylcytosine, 6-methyladenine, hypoxanthine and 
others in hybridizing sequences does not interfere with pairing. 

Targeting double-stranded (ds) DNA with polynucleotides leads to triple-helix 
5 formation; targeting RNA will lead to double-helix formation. Antisense polynucleotides, 
when introduced into a target cell, specifically bind to their target polynucleotide and interfere 
with transcription, RNA processing, transport, translation and/or stability. Antisense RNA 
constructs, or DNA encoding such antisense RNA's, may be employed to inhibit gene 
transcription or translation or both within a host cell, either in vitro or in vivo, such as within a 

10 host animal, including a human subject. 

Antisense constructs may be designed to bind to the promoter and other control regions, 
exons, introns or even exon-intron boundaries of a gene. It is contemplated that the most 
effective antisense constructs will include regions complementary to intron/exon splice 
junctions. Thus, it is proposed that a preferred embodiment includes an antisense construct 

15 with complementarity to regions within 50-200 bases of an intron-exon splice junction. It has 
been observed that some exon sequences can be included in the construct without seriously 
affecting the target selectivity thereof. The amount of exonic material included will vary 
depending on the particular exon and intron sequences used. One can readily test whether too 
much exon DNA is included simply by testing the constructs in vitro to determine whether 

20 normal cellular function is affected or whether the expression of related genes having 
complementary sequences is affected. 

"Complementary" or "antisense" means polynucleotide sequences that are substantially 
complementary over their entire length and have very few base mismatches. For example, 
sequences of fifteen bases in length may be termed complementary when they have 

25 complementary nucleotides at thirteen or fourteen positions. Naturally, sequences which, are 
completely complementary will be sequences which are entirely complementary throughout 
their entire length and have no base mismatches. Other sequences with lower degrees of 
homology also are contemplated. For example, an antisense construct which has limited 
regions of high homology, but also contains a non-homologous region (e.g., ribozyme; see 

30 below) could be designed. These molecules, though having less than 50% homology, would 
bind to target sequences under appropriate conditions. 
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It may be advantageous to combine portions of genomic DNA with cDNA or synthetic 
sequences to generate specific constructs. For example, where an intron is desired in the 
ultimate construct, a genomic clone will need to be used. The cDNA or a synthesized 
polynucleotide may provide more convenient restriction sites for the remaining portion of the 
5 construct and, therefore, would be used for the rest of the sequence. 

C. Ribozymes 

Another approach for addressing the "dominant negative" mutants is through the use of 
ribozymes. Although proteins traditionally have been used for catalysis of nucleic acids, 
another class of macromolecules has emerged as useful in this endeavor. Ribozymes are RNA- 

10 protein complexes that cleave nucleic acids in a site-specific fashion. Ribozymes have specific 
catalytic domains that possess endonuclease activity (Kim and Cook, 1987; Gerlach et al> 
1987; Forster and Symons, 1987). For example, a large number of ribozymes accelerate 
phosphoester transfer reactions with a high degree of specificity, often cleaving only one of 
several phosphoesters in an oligonucleotide substrate (Cook et al, 1981; Michel and Westhof, 

15 1990; Reinhold-Hurek and Shub, 1992). This specificity has been attributed to the requirement 
that the substrate bind via specific base-pairing interactions to the internal guide sequence 
("IGS") of the ribozyme prior to chemical reaction. 

Ribozyme catalysis has primarily been observed as part of sequence-specific 
cleavage/ligation reactions involving nucleic acids (Cook et al, 1981). For example, U.S. 

20 Patent No. 5,354,855 reports that certain ribozymes can act as endonucleases with a sequence 
specificity greater than that of known ribonucleases and approaching that of the DNA 
restriction enzymes. Thus, sequence-specific ribozyme-mediated inhibition of gene expression 
may be particularly suited to therapeutic applications (Scanlon et a/., 1991; Sarver et al y 1990). 
Recently, it was reported that ribozymes elicited genetic changes in some cells lines to which 

25 they were applied; the altered genes included the oncogenes H-ras, c-fos and genes of HTV. 
Most of this work involved the modification of a target mRNA, based on a specific mutant 
codon that is cleaved by a specific ribozyme. 



WO 98/53852 



PCT/US98/10913 



-38- 

D. Vectors for Cloning, Gene Transfer and Expression 

In certain embodiments, expression vectors are used in gene therapy. Expression requires 
that appropriate signals be provided in the vectors, and which include various regulatory 
elements, such as enhancers/promoters from both viral and mammalian sources that drive 
5 expression of the genes of interest in host cells. Elements designed to optimize messenger 
RNA stability and translatability in host cells also are defined. The conditions for the use of a 
number of dominant drug selection markers for establishing permanent, stable cell clones 
expressing the products are also provided, as is an element that links expression of the drug 
selection markers to expression of the polypeptide. 

1 0 (i) Regulatory Elements 

Promoters. Throughout this application, the term "expression construct" is meant to 
include any type of genetic construct containing a nucleic acid coding for gene products in 
which part or all of the nucleic acid encoding sequence is capable of being transcribed. The 
transcript may be translated into a protein, but it need not be. In certain embodiments, 
1 5 expression includes both transcription of a gene and translation of mRN A into a gene product. 
In other embodiments, expression only includes transcription of the nucleic acid encoding 
genes of interest. 

The nucleic acid encoding a gene product is under transcriptional control of a promoter. 
A "promoter" refers to a DNA sequence recognized by the synthetic machinery of the cell, or 
20 introduced synthetic machinery, required to initiate the specific transcription of a gene. The 
phrase "under transcriptional control" means that the promoter is in the correct location and 
orientation in relation to the nucleic acid to control RNA polymerase initiation and expression 
of the gene. 

The term promoter will be used here to refer to a group of transcriptional control 
25 modules that are clustered around the initiation site for RNA polymerase II. Much of the 

thinking about how promoters are organized derives from analyses of several viral promoters, 
including those for the HSV thymidine kinase (tk) and SV40 early transcription units. These 
studies, augmented by more recent work, have shown that promoters are composed of discrete 
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functional modules, each consisting of approximately 7-20 bp of DNA, and containing one or 
more recognition sites for transcriptional activator or repressor proteins. 

At least one module in each promoter functions to position the start site for RNA 
synthesis. The best known example of this is the TATA box, but in some promoters lacking a 
5 TATA box, such as the promoter for the mammalian terminal deoxynucleotidyl transferase 
gene and the promoter for the SV40 late genes, a discrete element overlying the start site itself 
helps to fix the place of initiation. 

Additional promoter elements regulate the frequency of transcriptional initiation. 
Typically, these are located in the region 30-1 10 bp upstream of the start site, although a 

1 0 number of promoters have recently been shown to contain functional elements downstream of 
the start site as well. The spacing between promoter elements frequently is flexible, so that 
promoter function is preserved when elements are inverted or moved relative to one another. In 
the tk promoter, the spacing between promoter elements can be increased to 50 bp apart before 
activity begins to decline. Depending on the promoter, it appears that individual elements can 

1 5 function either co-operatively or independently to activate transcription. 

The particular promoter employed to control the expression of a nucleic acid sequence 
of interest is not believed to be important, so long as it is capable of directing the expression of 
the nucleic acid in the targeted cell. Thus, where a human cell is targeted, it is preferable to 
position the nucleic acid coding region adjacent to and under the control of a promoter that is 
20 capable of being expressed in a human cell. Generally speaking, such a promoter might include 
either a human or viral promoter. 

In various embodiments, the human cytomegalovirus (CMV) immediate early gene 
promoter, the SV40 early promoter, the Rous sarcoma virus long terminal repeat, p-actin, rat 
insulin promoter and glyceraldehyde-3-phosphate dehydrogenase can be used to obtain high- 
25 level expression of the coding sequence of interest. The use of other viral or mammalian 

cellular or bacterial phage promoters which are well-known in the art to achieve expression of a 
coding sequence of interest is contemplated as well, provided that the levels of expression are 
sufficient for a given purpose. By employing a promoter with well-known properties, the level 
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and pattern of expression of the protein of interest following transfection or transformation can 
be optimized. 

Selection of a promoter that is regulated in response to specific physiologic or synthetic 
signals can permit inducible expression of the gene product. For example in the case where 
5 expression of a transgene, or transgenes when a multicistronic vector is utilized, is toxic to the 
cells in which the vector is produced in, it may be desirable to prohibit or reduce expression of 
one or more of the transgenes. Examples of transgenes that may be toxic to the producer cell 
line are pro-apoptotic and cytokine genes. Several inducible promoter systems are available for 
production of viral vectors where the transgene product may be toxic. 

10 The ecdysone system (Invitrogen, Carlsbad, CA) is one such system. This system is 

designed to allow regulated expression of a gene of interest in mammalian cells. It consists of a 
tightly regulated expression mechanism that allows virtually no basal level expression of the 
transgene, but over 200-fold inducibility. The system is based on the heterodimeric ecdysone 
receptor of Drosophila, and when ecdysone or an analog such as muristerone A binds to the 

1 5 receptor, the receptor activates a promoter to turn on expression of the downstream transgene 
high levels of mRNA transcripts are attained. In this system, both monomers of the 
heterodimeric receptor are constitutively expressed from one vector, whereas the ecdysone- 
responsive promoter which drives expression of the gene of interest is on another plasmid. 
Engineering of this type of system into the gene transfer vector of interest would therefore be 

20 useful. Cotransfection of plasmids containing the gene of interest and the receptor monomers 
in the producer cell line would then allow for the production of the gene transfer vector without 
expression of a potentially toxic transgene. At the appropriate time, expression of the transgene 
could be activated with ecdysone or muristeron A. 

Another inducible system that would be useful is the Tet-Off™ or Tet-On™ system 
25 (Clontech, Palo Alto, CA) originally developed by Gossen and Bujard (Gossen and Bujard, 
1992; Gossen at al, 1995). This system also allows high levels of gene expression to be 
regulated in response to tetracycline or tetracycline derivatives such as doxycycline. In the Tet- 
On™ system, gene expression is turned on in the presence of doxycycline, whereas in the Tet- 
Off™ system, gene expression is turned on in the absence of doxycycline. These systems are 
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based on two regulatory elements derived from the tetracycline resistance operon of K coli. 
The tetracycline operator sequence to which the tetracycline repressor binds, and the 
tetracycline repressor protein. The gene of interest is cloned into a plasmid behind a promoter 
that has tetracycline-responsive elements present in it. A second plasmid contains a regulatory 
5 element called the tetracycline-controlled transactivator, which is composed, in the Tet-Off™ 
system, of the VP 16 domain from the herpes simplex virus and the wild-type tertracycline 
repressor. Thus in the absence of doxycycline, transcription is constitutively on. In the Tet- 
On™ system, the tetracycline repressor is not wild type and in the presence of doxycycline 
activates transcription. For gene therapy vector production, the Tet-Off™ system would be 
1 0 preferable so that the producer cells could be grown in the presence of tetracycline or 

doxycycline and prevent expression of a potentially toxic transgene, but when the vector is 
introduced to the patient, the gene expression would be constituitively on. 

In some circumstances, it may be desirable to regulate expression of a transgene in a 
gene therapy vector. For example, different viral promoters with varying strengths of activity 

1 5 may be utilized depending on the level of expression desired. In mammalian cells, the CMV 
immediate early promoter if often used to provide strong transcriptional activation. Modified 
versions of the CMV promoter that are less potent have also been used when reduced levels of 
expression of the transgene are desired. When expression of a transgene in hematopoetic cells 
is desired, retroviral promoters such as the LTRs from MLV or MMTV are often used. Other 

20 viral promoters that may be used depending on the desired effect include SV40, RSV LTR, 
HIV-1 and HIV-2 LTR, adenovirus promoters such as from the El A, E2A, or MLP region, 
AAV LTR, cauliflower mosaic virus, HSV-TK, and avian sarcoma virus. 

Similarly tissue specific promoters may be used to effect transcription in specific tissues 
or cells so as to reduce potential toxicity or undesirable effects to non-targeted tissues. For 
25 example, promoters such as the PSA, probasin, prostatic acid phosphatase or prostate-specific 
glandular kallikrein (hK2) may be used to target gene expression in the prostate. 

In certain indications, it may be desirable to activate transcription at specific times after 
administration of the gene therapy vector. This may be done with such promoters as those that 
are hormone or cytokine regulatable. For example in gene therapy applications where the 
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indication is a gonadal tissue where specific steroids are produced or routed to, use of androgen 
or estrogen regulated promoters may be advantageous. Such promoters that are hormone 
regulatable include MMTV, MT-1 , ecdysone and RuBisco. Other hormone regulated 
promoters such as those responsive to thyroid, pituitary and adrenal hormones are expected to 
5 be useful in the present invention. Cytokine and inflammatory protein responsive promoters 
that could be used include K and T Kininogen (Kageyama et al, 1987), c-fos, TNF-alpha, C- 
reactive protein (Arcone et al, 1988), haptoglobin (Oliviero et al, 1987), serum amyloid A2, 
C/EBP alpha, IL-1 , IL-6 (Poli and Cortese, 1 989), Complement C3 (Wilson et al, 1 990), IL-8, 
alpha-1 acid glycoprotein (Prowse and Baumann, 1988), alpha-l antitypsin, lipoprotein lipase 
10 (Zechner et al, 1988), angiotensinogen (Ron et al, 1991), fibrinogen, c-jun (inducible by 
phorbol esters, TNF-alpha, UV radiation, retinoic acid, and hydrogen peroxide), collagenase 
(induced by phorbol esters and retinoic acid), metallothionein (heavy metal and glucocorticoid 
inducible), Stromelysin (inducible by phorbol ester, interleukin-1 and EGF), alpha-2 
macroglobulin and alpha-1 antichymotrypsin. 

1 5 Tumor specific promoters such as osteocalcin, hypoxia-responsive element (HRE), 

MAGE-4, CEA, alpha-fetoprotein, GRP78/BiP and tyrosinase may also be used to regulate 
gene expression in tumor cells. Other promoters that could be used according to the present 
invention include Lac-regulatable, chemotherapy inducible (e.g. MDR), and heat 
(hyperthermia) inducible promoters, radiation-inducible (e.g., EGR (Joki et al, 1995)), Alpha- 

20 inhibin, RNA pol III tRNA met and other amino acid promoters, U 1 snRNA (Bartlett et al, 
1996), MC-1 , PGK, p-actin and a-globin. Many other promoters that may be useful are listed 
in Walther and Stein (1996). 

Enhancers. Enhancers are genetic elements that increase transcription from a promoter 
located at a distant position on the same molecule of DNA. Enhancers are organized much like 
25 promoters. That is, they are composed of many individual elements, each of which binds to one 
or more transcriptional proteins. The basic distinction between enhancers and promoters is 
operational. An enhancer region as a whole must be able to stimulate transcription at a 
distance; this need not be true of a promoter region or its component elements. On the other 
hand, a promoter must have one or more elements that direct initiation of RNA synthesis at a 
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particular site and in a particular orientation, whereas enhancers lack these specificities. 
Promoters and enhancers are often overlapping and contiguous, often seeming to have a very 
similar modular organization. 

Polyadenylation Signals. Where a cDNA insert is employed, one will typically desire 
to include a polyadenylation signal to effect proper polyadenylation of the gene transcript. The 
nature of the polyadenylation signal is not believed to be crucial to the successful practice of 
the invention, and any such sequence may be employed such as human or bovine growth 
hormone and SV40 polyadenylation signals. Also contemplated as an element of the 
expression cassette is a terminator. These elements can serve to enhance message levels and to 
minimize read through from the cassette into other sequences. 

IRES. In certain embodiments of the invention, the use of internal ribosome entry site 
(IRES) elements is contemplated to create multigene, or polycistronic, messages. IRES 
elements are able to bypass the ribosome scanning model of 5' methylated Cap dependent 
translation and begin translation at internal sites (Pelletier and Sonenberg, 1988). IRES 
elements from two members of the picornavirus family (poliovirus and encephalomyocarditis) 
have been described (Pelletier and Sonenberg, 1988), as well an IRES from a mammalian 
message (Macejak and Sarnow, 1991). IRES elements can be linked to heterologous open 
reading frames. Multiple open reading frames can be transcribed together, each separated by an 
IRES, creating polycistronic messages. By virtue of the IRES element, each open reading 
frame is accessible to ribosomes for efficient translation. Multiple genes can be efficiently 
expressed using a single promoter/enhancer to transcribe a single message. 

Any heterologous open reading frame can be linked to IRES elements. This includes 
genes for secreted proteins, multi-subunit proteins, encoded by independent genes, intracellular 
or membrane-bound proteins and selectable markers. In this way, expression of several 
proteins can be simultaneously engineered into a cell with a single construct and a single 
selectable marker. 
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(ii) Selectable Markers 

In certain embodiments of the invention, the cells contain nucleic acid constructs of the 
present invention, a cell may be identified in vitro or in vivo by including a marker in the 
expression construct. Such markers would confer an identifiable change to the cell permitting 

5 easy identification of cells containing the expression construct. Usually the inclusion of a drug 
selection marker aids in cloning and in the selection of transformants, for example, genes that 
confer resistance to neomycin, puromycin, hygromycin, DHFR, GPT, zeocin and histidinol are 
useful selectable markers. Alternatively, enzymes such as herpes simplex virus thymidine 
kinase (tk) or chloramphenicol acetyltransferase (CAT) may be employed. Immunologic 

10 markers also can be employed. The selectable marker employed is not believed to be 

important, so long as it is capable of being expressed simultaneously with the nucleic acid 
encoding a gene product. Further examples of selectable markers are well known to one of skill 
in the art. 

(iii) Delivery of Expression Vectors 

15 There are a number of ways in which expression vectors may introduced into cells. In 

certain embodiments of the invention, the expression construct comprises a virus or engineered 
construct derived from a viral genome. The ability of certain viruses to enter cells via receptor- 
mediated endocytosis, to integrate into host cell genome and express viral genes stably and 
efficiently have made them attractive candidates for the transfer of foreign genes into 

20 mammalian cells (Ridgeway, 1988; Nicolas and Rubenstein, 1988; Baichwal and Sugden, 
1986; Temin, 1986). The first viruses used as gene vectors were DNA viruses including the 
papovaviruses (simian virus 40, bovine papilloma virus, and polyoma) (Ridgeway, 1988; 
Baichwal and Sugden, 1986) and adenoviruses (Ridgeway, 1988; Baichwal and Sugden, 1986). 
These have a relatively low capacity for foreign DNA sequences and have a restricted host 

25 spectrum. Furthermore, their oncogenic potential and cytopathic effects in permissive cells 
raise safety concerns. They can accommodate only up to 8 kb of foreign genetic material but 
can be readily introduced in a variety of cell lines and laboratory animals (Nicolas and 
Rubenstein, 1988; Temin, 1986). 
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Adenoviruses. One of the preferred methods for in vivo delivery involves the use of an 
adenovirus expression vector. "Adenovirus expression vector" is meant to include those 
constructs containing adenovirus sequences sufficient to (a) support packaging of the construct 
and (b) to express an antisense polynucleotide that has been cloned therein. In this context, 
5 expression does not require that the gene product be synthesized. 

The expression vector comprises a genetically engineered form of adenovirus. 
Knowledge of the genetic organization of adenovirus, a 36 kb, linear, double-stranded DNA 
virus, allows substitution of large pieces of adenoviral DNA with foreign sequences up to 7 kb 
(Grunhaus and Horwitz, 1992). In contrast to retrovirus, the adenoviral infection of host cells 
1 0 does not result in chromosomal integration because adenoviral DNA can replicate in an 

episomal manner without potential genotoxicity. Also, adenoviruses are structurally stable, and 
no genome rearrangement has been detected after extensive amplification. Adenovirus can 
infect virtually all epithelial cells regardless of their cell cycle stage. So far, adenoviral 
infection appears to be linked only to mild disease such as acute respiratory disease in humans. 

1 5 Adenovirus is particularly suitable for use as a gene transfer vector because of its mid- 

sized genome, ease of manipulation, high titer, wide target cell range and high infectivity. Both 
ends of the viral genome contain 100-200 base pair inverted repeats (ITRs), which are cis 
elements necessary for viral DNA replication and packaging. The early (E) and late (L) regions 
of the genome contain different transcription units that are divided by the onset of viral DNA 

20 replication. The El region (El A and El B) encodes proteins responsible for the regulation of 
transcription of the viral genome and a few cellular genes. The expression of the E2 region 
(E2A and E2B) results in the synthesis of the proteins for viral DNA replication. These 
proteins are involved in DNA replication, late gene expression and host cell shut-off (Renan, 
1990). The products of the late genes, including the majority of the viral capsid proteins, are 

25 expressed only after significant processing of a single primary transcript issued by the major 
late promoter (MLP). The MLP, (located at 16.8 m.u.) is particularly efficient during the late 
phase of infection, and all the mRNA's issued from this promoter possess a S'-tripartite leader 
(TPL) sequence which makes them preferred mRNA's for translation. 
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In a current system, recombinant adenovirus is generated from homologous 
recombination between shuttle vector and provirus vector. Due to the possible recombination 
between two proviral vectors, wild-type adenovirus may be generated from this process. 
Therefore, it is critical to isolate a single clone of virus from an individual plaque and examine 
5 its genomic structure. 

Generation and propagation of the current adenovirus vectors, which are replication 
deficient, depend on a unique helper cell line, designated 293, which was transformed from 
human embryonic kidney cells by Ad5 DNA fragments and constitutively expresses El 
proteins (Graham et al t 1977). Since the E3 region is dispensable from the adenovirus genome 

10 (Jones and Shenk, 1978), the current adenovirus vectors, with the help of 293 cells, carry 

foreign DNA in either the El, the D3 or both regions (Graham and Prevec, 1991). In nature, 
adenovirus can package approximately 105% of the wild-type genome (Ghosh-Choudhury et 
al. t 1987), providing capacity for about 2 extra kb of DNA. Combined with the approximately 
5.5 kb of DNA that is replaceable in the El and E3 regions, the maximum capacity of the 

1 5 current adenovirus vector is under 7.5 kb, or about 1 5% of the total length of the vector. More 
than 80% of the adenovirus viral genome remains in the vector backbone and is the source of 
vector-borne cytotoxicity. Also, the replication deficiency of the El -deleted virus is 
incomplete. For example, leakage of viral gene expression has been observed with the 
currently available vectors at high multiplicities of infection (MOI) (Mulligan, 1993). 

20 Helper cell lines may be derived from human cells such as human embryonic kidney 

cells, muscle cells, hematopoietic cells or other human embryonic mesenchymal or epithelial 
cells. Alternatively, the helper cells may be derived from the cells of other mammalian species 
that are permissive for human adenovirus. Such cells include, e.g., Vero cells or other monkey 
embryonic mesenchymal or epithelial cells. As stated above, the preferred helper cell line is 

25 293. 

Recently, Racher et al, (1995) disclosed improved methods for culturing 293 cells and 
propagating adenovirus. In one format, natural cell aggregates are grown by inoculating 
individual cells into 1 liter siliconized spinner flasks (Techne, Cambridge, UK) containing 100- 
200 ml of medium. Following stirring at 40 rpm, the cell viability is estimated with trypan 
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blue. In another format, Fibra-Cel microcarriers (Bibby Sterlin, Stone, UK) (5 g/1) is employed 
as follows. A cell inoculum, resuspended in 5 ml of medium, is added to the carrier (50 ml) in 
a 250 ml Erlenmeyer flask and left stationary, with occasional agitation, for 1 to 4 h. The 
medium is then replaced with 50 ml of fresh medium and shaking initiated. For virus 
5 production, cells are allowed to grow to about 80% confluence, after which time the medium is 
replaced (to 25% of the final volume) and adenovirus added at an MOI of 0.05. Cultures are 
left stationary overnight, following which the volume is increased to 100% and shaking 
commenced for another 72 h. 

Other than the requirement that the adenovirus vector be replication defective, or at least 
1 0 conditionally defective, the nature of the adenovirus vector is not believed to be crucial to the 
successful practice of the invention. The adenovirus may be of any of the 42 different known 
serotypes or subgroups A-F. Adenovirus type 5 of subgroup C is the preferred starting material 
in order to obtain the conditional replication-defective adenovirus vector for use in the present 
invention. This is because Adenovirus type 5 is a human adenovirus about which a great deal 
15 of biochemical and genetic information is known, and it has historically been used for most 
constructions employing adenovirus as a vector. 

As stated above, the typical vector according to the present invention is replication 
defective and will not have an adenovirus El region. Thus, it will be most convenient to 
introduce the polynucleotide encoding the gene of interest at the position from which the El- 
20 coding sequences have been removed. However, the position of insertion of the construct 

within the adenovirus sequences is not critical to the invention. The polynucleotide encoding 
the gene of interest may also be inserted in lieu of the deleted E3 region in E3 replacement 
vectors as described by Karlsson et al, (1986) or in the E4 region where a helper cell line or 
helper virus complements the E4 defect. 

25 Adenovirus is easy to grow and manipulate and exhibits broad host range in vitro and in 

vivo. This group of viruses can be obtained in high titers, e.g., 10 9 -10 u plaque-forming units 
per ml, and they arc highly infective. The life cycle of adenovirus does not require integration 
into the host cell genome. The foreign genes delivered by adenovirus vectors are episomal and, 
therefore, have low genotoxicity to host cells. No side effects have been reported in studies of 
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vaccination with wild-type adenovirus (Couch et aL, 1963; Top et aL, 1 971), demonstrating 
their safety and therapeutic potential as in vivo gene transfer vectors. 

Adenovirus vectors have been used in eukaryotic gene expression (Levrero et aL, 1991 ; 
Gomez-Foix et aL, 1992) and vaccine development (Grunhaus and Horwitz, 1992; Graham and 
5 Prevec, 1 99 1 ). Recently, animal studies suggested that recombinant adenovirus could be used 
for gene therapy (Stratford-Perricaudet and Perricaudet, 1991; Stratford-Perricaudet et aL, 
1990; Rich et aL, 1993). Studies in administering recombinant adenovirus to different tissues 
include trachea instillation (Rosenfeld et aL, 1991 ; Rosenfeld et aL, 1 992), muscle injection 
(Ragot et aL, 1993), peripheral intravenous injections (Herz and Gerard, 1993) and stereotactic 
1 0 inoculation into the brain (Le Gal La Salle et aL, 1 993). 

Retroviruses. The retroviruses are a group of single-stranded RNA viruses 
characterized by an ability to convert their RNA to double-stranded DNA in infected cells by a 
process of reverse-transcription (Coffin, 1990). The resulting DNA then stably integrates into 
cellular chromosomes as a provirus and directs synthesis of viral proteins, The integration 

1 5 results in the retention of the viral gene sequences in the recipient cell and its descendants. The 
retroviral genome contains three genes, gag, pol, and env that code for capsid proteins, 
polymerase enzyme, and envelope components, respectively. A sequence found upstream from 
the gag gene contains a signal for packaging of the genome into virions. Two long terminal 
repeat (LTR) sequences are present at the 5' and 3' ends of the viral genome. These contain 

20 strong promoter and enhancer sequences and are also required for integration in the host cell 
genome (Coffin, 1990). 

In order to construct a retroviral vector, a nucleic acid encoding a gene of interest is 
inserted into the viral genome in the place of certain viral sequences to produce a virus that is 
replication-defective. In order to produce virions, a packaging cell line containing the gag, pol, 
25 and env genes but without the LTR and packaging components is constructed (Mann et aL, 

1983). When a recombinant plasmid containing a cDNA, together with the retroviral LTR and 
packaging sequences is introduced into this cell line (by calcium phosphate precipitation for 
example), the packaging sequence allows the RNA transcript of the recombinant plasmid to be 
packaged into viral particles, which are then secreted into the culture media (Nicolas and 
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Rubenstein, 1988; Temin, 1986; Mann et aL, 1983). The media containing the recombinant 
retroviruses is then collected, optionally concentrated, and used for gene transfer. Retroviral 
vectors are able to infect a broad variety of cell types. However, integration and stable 
expression require the division of host cells (Paskind et al t 1975). 

5 A novel approach designed to allow specific targeting of retrovirus vectors was recently 

developed based on the chemical modification of a retrovirus by the chemical addition of 
lactose residues to the viral envelope. This modification could permit the specific infection of 
hepatocytes via sialoglycoprotein receptors. 

A different approach to targeting of recombinant retroviruses was designed in which 
1 0 biotinylated antibodies against a retroviral envelope protein and against a specific cell receptor 
were used. The antibodies were coupled via the biotin components by using streptavidin (Roux 
et aL, 1989). Using antibodies against major histocompatibility complex class I and class II 
antigens, they demonstrated the infection of a variety of human cells that bore those surface 
antigens with an ecotropic virus in vitro (Roux et aL, 1989). 

1 5 There are certain limitations to the use of retrovirus vectors in all aspects of the present 

invention. For example, retrovirus vectors usually integrate into random sites in the cell 
genome. This can lead to insertional mutagenesis through the interruption of host genes or 
through the insertion of viral regulatory sequences that can interfere with the function of 
flanking genes (Varmus et aL, 1981). Another concern with the use of defective retrovirus 

20 vectors is the potential appearance of wild-type replication-competent virus in the packaging 
cells. This can result from recombination events in which the intact- sequence from the 
recombinant virus inserts upstream from the gag, pol, env sequence integrated in the host cell 
genome. However, new packaging cell lines are now available that should greatly decrease the 
likelihood of recombination (Markowitz et aL, 1988;Hersdorffere/a/., 1990). 

25 Herpesvirus. Because herpes simplex virus (HSV) is neurotropic, it has generated 

considerable interest in treating nervous system disorders. Moreover, the ability of HSV to 
establish latent infections in non-dividing neuronal cells without integrating in to the host cell 
chromosome or otherwise altering the host cell's metabolism, along with the existence of a 
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promoter that is active during latency makes HSV an attractive vector. And though much 
attention has focused on the neurotropic applications of HSV, this vector also can be exploited 
for other tissues given its wide host range. 

Another factor that makes HSV an attractive vector is the size and organization of the 
genome. Because HSV is large, incorporation of multiple genes or expression cassettes is less 
problematic than in other smaller viral systems. In addition, the availability of different viral 
control sequences with varying performance (temporal, strength, etc.) makes it possible to 
control expression to a greater extent than in other systems. It also is an advantage that the 
virus has relatively few spliced messages, further easing genetic manipulations. 

HSV also is relatively easy to manipulate and can be grown to high titers. Thus, 
delivery is less of a problem, both in terms of volumes needed to attain sufficient MOI and in a 
lessened need for repeat dosings. For a review of HSV as a gene therapy vector, see Glorioso et 
al. (1995). 

HSV, designated with subtypes 1 and 2, are enveloped viruses that are among the most 
common infectious agents encountered by humans, infecting millions of human subjects 
worldwide. The large, complex, double-stranded DNA genome encodes for dozens of different 
gene products, some of which derive from spliced transcripts. In addition to virion and 
envelope structural components, the virus encodes numerous other proteins including a 
protease, a ribonucleotides reductase, a DNA polymerase, a ssDNA binding protein, a 
helicase/primase, a DNA dependent ATPase, a dUTPase and others. 

HSV genes form several groups whose expression is coordinately regulated and 
sequentially ordered in a cascade fashion (Honess and Roizman, 1974; Honess and Roizman 
1975; Roizman and Sears, 1995). The expression of a genes, the first set of genes to be 
expressed after infection, is enhanced by the virion protein number 16, or a-transducing factor 
(Posted/., 1981 ;Batterson and Roizman, 1983; Campbells al, 1983). The expression of p 
genes requires functional a gene products, most notably ICP4, which is encoded by the <x4 gene 
(DeLuca et aL, 1985). y genes, a heterogeneous group of genes encoding largely virion 
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structural proteins, require the onset of viral DNA synthesis for optimal expression (Holland et 
al, 1980). 

In line with the complexity of the genome, the life cycle of HSV is quite involved. In 
addition to the lytic cycle, which results in synthesis of virus particles and, eventually, cell 
5 death, the virus has the capability to enter a latent state in which the genome is maintained in 
neural ganglia until some as of yet undefined signal triggers a recurrence of the lytic cycle. 
Avirulent variants of HSV have been developed and are readily available for use in gene 
therapy contexts (U.S. Patent 5,672,344). 

Adena-Associated Virus. Recently, adeno-associated virus (AAV) has emerged as a 
1 0 potential alternative to the more commonly used retroviral and adenoviral vectors. While 
studies with retroviral and adenoviral mediated gene transfer raise concerns over potential 
oncogenic properties of the former, and immunogenic problems associated with the latter, AAV 
has not been associated with any such pathological indications. 

In addition, AAV possesses several unique features that make it more desirable than the 
1 5 other vectors. Unlike retroviruses, AAV can infect non-dividing cells; wild-type AAV has been 
characterized by integration, in a site-specific manner, into chromosome 19 of human cells 
(Kotin and Berns, 1989; Kotin et al, 1990; Kotin et al f 1991; Samulski et al, 1991); and AAV 
also possesses anti-oncogenic properties (Ostrove et al, 1981 ; Berns and Giraud, 1996). 
Recombinant AAV genomes are constructed by molecularly cloning DNA sequences of interest 
20 between the AAV ITRs, eliminating the entire coding sequences of the wild-type AAV 

genome. The AAV vectors thus produced lack any of the coding sequences of wild-type AAV, 
yet retain the property of stable chromosomal integration and expression of the recombinant 
genes upon transduction both in vitro and in vivo (Berns, 1990; Berns and Bohensky, 1987; 
Bertrane/a/., 1996; Kearns etai, 1996; Ponnazhagan etal, 1997a). Until recently, AAV was 
25 believed to infect almost all cell types, and even cross species barriers. However, it now has 
been determined that AAV infection is receptor-mediated (Ponnazhagan et al, 1996; Mizukami 
etai, 1996). 
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AAV utilizes a linear, single-stranded DNA of about 4700 base pairs. Inverted terminal 
repeats flank the genome. Two genes are present within the genome, giving rise to a number of 
distinct gene products. The first, the cap gene, produces three different virion proteins (VP), 
designated VP-1, VP-2 and VP-3. The second, the rep gene, encodes four non-structural 
5 proteins (NS). One or more of these rep gene products is responsible for transactivating AAV 
transcription. The sequence of AAV is provided by Srivastava et al (1983), and in U.S. Patent 
5,252,479 (entire text of which is specifically incorporated herein by reference). 

The three promoters in AAV are designated by their location, in map units, in the 
genome. These are, from left to right, p5, pi 9 and p40. Transcription gives rise to six 
1 0 transcripts, two initiated at each of three promoters, with one of each pair being spliced. The 
splice site, derived from map units 42-46, is the same for each transcript. The four non- 
structural proteins apparently are derived from the longer of the transcripts, and three virion 
proteins all arise from the smallest transcript. 

AAV is not associated with any pathologic state in humans. Interestingly, for efficient 
15 replication, AAV requires "helping" functions from viruses such as herpes simplex virus I and 
II, cytomegalovirus, pseudorabies virus and, of course, adenovirus. The best characterized of 
the helpers is adenovirus, and many "early" functions for this virus have been shown to assist 
with AAV replication. Low level expression of AAV rep proteins is believed to hold AAV 
structural expression in check, and helper virus infection is thought to remove this block. 

20 Vaccinia Virus. Vaccinia virus vectors have been used extensively because of the ease 

of their construction, relatively high levels of expression obtained, wide host range and large 
capacity for carrying DNA. Vaccinia contains a linear, double-stranded DNA genome of about 
186 kb that exhibits a marked "A-T" preference. Inverted terminal repeats of about 10.5 kb 
flank the genome. The majority of essential genes appear to map within the central region, 

25 which is most highly conserved among poxviruses. Estimated open reading frames in vaccinia 
virus number from 150 to 200. Although both strands are coding, extensive overlap of reading 
frames is not common. 
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At least 25 kb can be inserted into the vaccinia virus genome (Smith and Moss, 1983). 
Prototypical vaccinia vectors contain transgenes inserted into the viral thymidine kinase gene 
via homologous recombination. Vectors are selected on the basis of a tk-phenotype. Inclusion 
of the untranslated leader sequence of encephalomyocarditis virus, the level of expression is 
5 higher than that of conventional vectors, with the transgenes accumulating at 10% or more of 
the infected cell's protein in 24 h (Elroy-Stein et al, 1 989). 

In a further embodiment of the invention, the expression construct may be entrapped in 
a liposome. Liposomes are vesicular structures characterized by a phospholipid bilayer 
membrane and an inner aqueous medium. Multilamellar liposomes have multiple lipid layers 
10 separated by aqueous medium. They form spontaneously when phospholipids are suspended in 
an excess of aqueous solution. The lipid components undergo self-rearrangement before the 
formation of closed structures and entrap water and dissolved solutes between the lipid bilayers 
(Ghosh and Bachhawat, 1991). Also contemplated are lipofectamine-DNA complexes. 

Liposome-mediated nucleic acid delivery and expression of foreign DNA in vitro has 
1 5 been very successful. Wong et al, (1980) demonstrated the feasibility of liposome-mediated 
delivery and expression of foreign DNA in cultured chick embryo, HeLa and hepatoma cells. 
Nicolau et al, (1987) accomplished successful liposome-mediated gene transfer in rats after 
intravenous injection. 

In certain embodiments of the invention, the liposome may be complexed with a 
20 hemagglutinating virus (HVJ). This has been shown to facilitate fusion with the cell membrane 
and promote cell entry of liposome-encapsulated DNA (Kanedaef al, 1989). In other 
embodiments, the liposome may be complexed or employed in conjunction with nuclear non- 
histone chromosomal proteins (HMG-1) (Kato et al, 1991). In yet further embodiments, the 
liposome may be complexed or employed in conjunction with both HVJ and HMG- 1 . In that 
25 such expression constructs have been successfully employed in transfer and expression of 
nucleic acid in vitro and in vivo 9 then they are applicable for the present invention. Where a 
bacterial promoter is employed in the DNA construct, it also will be desirable to include within 
the liposome an appropriate bacterial polymerase. 
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It is worth noting that, though suited well to delivery expression constructs, liposomes 
also are an excellent vehicle for the delivery of other agents such as oliogsaccharids, 
glycolipids, polysaccharides, proteins, glycoproteins, chemotherapeutics or radiotherpeutics. 

IX. Examples 

The following examples are included to demonstrate preferred embodiments of the 
invention. It should be appreciated by those of skill in the art that the techniques disclosed in 
the examples that follow represent techniques discovered by the inventors to function well in 
the practice of the invention, and thus can be considered to constitute preferred modes for its 
practice. However, those of skill in the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments that are disclosed and still obtain a 
like or similar result without departing from the spirit and scope of the invention. 

EXAMPLE I 

E-selectin Induction in Endothelial Cells bv Ionizing Radiation 

This example shows that when the human endothelial cells HUVEC and HMEC are 
exposed to ionizing radiation, they exhibit dose and time-dependent increases in the endothelial 
leukocyte adhesion molecule E-selectin, in the absence of changes in VCAM-1, P-selectin and 
GMP 140 protein levels. 

The acute and subacute clinical manifestations of ionizing radiation mimic the 
inflammatory response to a number of stimuli. For example, radiation-induced pneumonitis, 
cystitis, mucositis, esophagitis and dermatitis each demonstrate inflammation as a predominant 
component (Slauson et ai 9 1976; Dunn et al 9 1986; Ward et aL, 1993). Furthermore, ionizing 
radiation is associated with neutrophilic vasculitis and interstitial inflammation (Narayan, 1982; 
Slauson et al, 1976; Fajardo and Berthrong, 1988). 

The pathophysiology of these sequelae is related to margination of neutrophils in the 
vasculature and infiltration of the perivascular region after irradiation (Reinhold et al 9 1990; 
Hopewell et al, 1993; Dunne/ a/., 1986; Matzner e/ a/., 1988). Increased adherence of 
neutrophils to endothelial cells occurs during acute pulmonary radiation injury (Slauson et a/., 
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1976). Similarly, oxygen radicals also induce human endothelial cells to bind neutrophils 
(Patele/a/.,1991). 

Endothelial cells exposed to ionizing radiation respond in a manner analogous to that 
observed during acute inflammation. This response is associated with leukocyte margination 
5 and an increase in vascular permeability. These processes may account for the pathogenesis of 
radiation injury (Hopewell et al. y 1993). An understanding of the pathophysiology of the 
radiation-mediated inflammatory response will facilitate pharmacologic intervention for these 
sequelae of radiation therapy. 

Endothelial cells rapidly and transiently produce a number of glycoproteins that 
10 influence neutrophil binding during the inflammatory reaction (Pober and Cotran, 1990). The 
potential pathology associated with expression of these proteins on the surface of the 
endothelium is avoided by their virtual absence prior to stimulation with cytokines or oxidants 
(Read et al, 1994; Bevilacqua et a/., 1989). 

Examples of inducible glycoproteins expressed rapidly and transiently within the lumina 
1 5 of blood vessels include E-selectin and P-selectin which have low constitutive expression and 
serve as receptors for neutrophils and lymphocytes (Bevilacqua, 1993; Pober and Cotran, 
1990). This highly restrained transcriptional regulation is in contrast to that of other adhesion 
molecules such as ICAM-1 and VCAM-1, which have higher constitutive expression that 
increases further after exposure to cytokines. 

20 The transcriptional regulation of E-selectin is judiciously controlled (Montgomery et al, 

1991; Ghersa et al, 1992) because of its pivotal role in the endothelial cell response during 
inflammation and hypoxia, whereas ICAM induction is regulated less vigorously. Due to the 
association between oxidant injury and the expression of adhesion molecules on the surface of 
endothelial cells, the inventors chose to quantify the expression of E-selectin, VCAM, ICAM, 

25 and P-selectin in irradiated endothelial cells. The inventors found that the expression of 
E-selectin and ICAM is increased following irradiation, in a time course analogous to that 
observed after stimulation with cytokine. 
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A. Materials and Methods 

1. Cell Culture 

Primary cultures of human umbilical vein endothelial cells (HUVEC) were prepared 
from fresh (<24 h old) human umbilical veins transported to the laboratory in sterile buffer at 
4°C. The vein was cannulated, filled with 0.2% collagenase, and incubated at 37°C for 1 5 min. 
Cells were flushed and complete medium was added, followed by centrifugation at 2000 rpm 
for 5 min; the supernatant was discarded. The cell pellet was resuspended and maintained in 
Ml 99 with 10% fetal calf serum, 10% human serum, Pen/Strep/Amphotericin B solution 
(Sigma) on gelatin-coated (0.2%) tissue culture dishes at 37°C in 5% C0 2 . Confluent cells 
were subcultured with 0.1% collagenase 0.01% EDTA. Cells (HUVEC) were used at third 
passage; this reduced the number of passenger cells and allow for uniform expression of 
cellular adhesion molecules. 

Endothelial cells from human dermis immortalized with SV40 (HMEC) (Ades et al, 
1992) were maintained in endothelial basal medium MCDB131 (GIBCO/BRL) supplemented 
with 15% FBS, 10 ng/ml epidermal growth factor (Collaborative Biomedical Products), 1 
Hg/ml hydrocortisone (Sigma), and Pen/Strep. 

2. Quantification of adhesion molecules in irradiated endothelial cells 

HUVEC and HMEC cells were grown to 90% confluence and irradiated with a GE 
Maxitron x-ray generator as previously described (Hallahan et al. , 1 989). Cells were removed 
from flasks with 0.1% collagenase, 0.01% EDTA, 0.25% BSA and pelleted in 12 x 75 mm 
polystyrene tubes. The supernatant was discarded and the cells were incubated with primary 
IgG, antibody (mouse anti-human ICAM-1 and E-selectin-1; R&D Systems, Inc., Minneapolis, 
MN) for 20 min at 4°C. 

The cells were then rinsed with isotonic phosphate buffered saline (PBS), pelleted and 
incubated with FITC-conjugated secondary antibody (goat anti-mouse IgG,) for 20 min at 4°C. 
The fluorescently labeled cells were rinsed in PBS and fixed in PBS containing 0.01% 
paraformaldehyde. Nonspecific binding was evaluated with the use of FITC-conjugated 
secondary antibody alone and with a lymphocyte specific first-step antibody, anti-CD l0 , which 
does not bind to endothelial cells. 
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Fluorescence activated cell sorting (FACS) analysis was utilized for quantitation of 
receptor expression of ICAM-1 and E-selectin on HUVEC. The Becton Dickinson 
FACScanner was used with Lysis II software. Forward and side scatter fluorescence data 
identified 10,000 viable endothelial cells in each experimental group for unlabeled cells, 
5 nonspecific-antibody-labeled cells, ICAM-l-labeled cells and E-selectin-labeled cells. 
Fluorescence data were then accumulated on each group of 10,000 cells at 530 nm, the 
wavelength emitted by FITC. The fluorescence data were expressed as histograms of events 
versus log fluorescence and analyzed in comparison to the autofluorescence of unlabeled cells 
as well as the fluorescence of baseline ICAM-1 labeled or E-selectin-1 labeled cells as 
10 appropriate. During inhibition studies, PKC inhibitors H7 100 nM and staurosporin 1 0 nM or 
Phospholipase A2 inhibitors BPB 10 jiM or mepacrine 20 \iM were added to cell cultures 30 
min prior to irradiation. 

3. RNA analysis 

HUVEC cells were grown to 90% confluence and exposed to x-rays (1 0 Gy, GE 
15 Maxitron x-ray generator) as previously described (Hallahan, 1989). RNA was extracted with 
the single-step guanidinium thiocyanate-phenol/chloroform method (Chomczynski and Sacchi, 
1987) at 1 h after irradiation. Control RNA was obtained from nonirradiated cells treated under 
otherwise identical conditions. RNA was size-fractionated by 1% agarose formaldehyde 
electrophoresis. Ethidium bromide staining of the RNA demonstrated equal loading of each 
20 lane. RNA gels were then transferred to a nylon membrane (Genescreen Plus, New England 
Nuclear). Northern blots were hybridized to 32 P labeled E-selectin cDNA (Collins et al, 1991) 
probe followed by autoradiography for 3 days at -85°C with intensifying screens. 

B. Results - Quantitation of adhesion molecules in irradiated HUVEC 

To determine the effects of cell adhesion molecules, the inventors expanded primary 
25 culture HUVEC from single human umbilical veins that were irradiated, followed by fixation 
and incubation with antibodies to E-selectin, P-selectin, ICAM- 1 , and VCAM. The log 
fluorescence of cells incubated with the antibody to E-selectin shifted by 15 to 32% at 4 h after 
irradiation. In comparison, the log fluorescence of cells incubated with the antibody to ICAM 
shifted by 30 to 35% at 20 h after irradiation. However, there was no significant increase in 
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P-selectin or VCAM protein expression following irradiation, lnterleukin-1 (IL-1) as used as a 
positive control and shifted the log fluorescence for E-selectin by 43%, ICAM-1 (31%), 
VCAM-1 (25%), and P-selectin (30%). These data indicate that x-ray induction of CAM'S is 
specific for E-selectin and ICAM whereas IL-1 induces all CAM's quantified. 

5 To examine the time-dependent increase in the radiation-mediated expression of cell 

adhesion molecules, the inventors irradiated HUVEC with 10 Gy and incubated them with 
antibody at 2 h intervals after irradiation. E-selectin expression began to increase at 2 h, peaked 
at 4 to 6 h, and gradually returned to baseline at 20 h. In contrast, ICAM expression remained 
at baseline levels until 16 h after irradiation, and peak expression occurred at 24 to 36 h 

1 0 following irradiation. HUVEC were then irradiated with doses ranging from 0.5 to 50 Gy and 
assayed at 4 or 24 h for study of the dose dependence of the x-ray-mediated expression of cell 
adhesion molecules. E-selectin expression increased at 4 h after exposure to 0.5 Gy and 
increased in a dose dependent manner up to 20 Gy, where a plateau was reached. When cells 
were assayed at 24 h following irradiation, only cells treated with 20 Gy or higher doses had a 

1 5 persistent increase in E-selectin expression, whereas those treated with lower doses 

approximated baseline expression. In contrast, ICAM expression was not increased at x-ray 
doses below 5 Gy, but demonstratable increases occurred at 24 h when treated with higher 
doses. These data indicate that E-selectin is induced transiently after low doses of irradiation, 
whereas ICAM induction requires high radiation doses and is sustained. 

20 EXAMPLE II 

Ionizing Radiation Mediates Expression of Cell Adhesion Molecules in Distinct 
Histologic Patterns Within the Lung 

Inflammatory cell infiltration of the lung is observed early during radiation-mediated 
lung injury (Hopwell et al, 1993). Most authors describe the presence of inflammatory cells 
25 within the alveolar space, alveolar septum, and perivascular space following irradiation (Ward 
etal, 1993;Fukse/a/., 1995; Reinholde/a/., 1990; Steinberg et aL, 1993). The 
histopathologic findings observed during radiation pneumonitis consist of interstitial edema and 
profuse inflammatory cell infiltration associated with thickening of the alveolar septa (Fuks et 
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al, 1995; Travis, 1980). A significant increase in the number of macrophages, granulocytes, 
and lymphocytes is found in bronchoalveolar lavage fluid from patients as well as mice 
receiving total-body irradiation (Ward et ai y 1993; Steinberg etal , 1993). It has been 
proposed that the inflammatory mediators released from leukocytes are involved in the 
5 pathogenesis of radiation pneumonitis (Graham et aL, 1990). The present study addresses the 
mechanisms by which ionizing radiation mediates the inflammatory response in the lung. 

The inventors have previously shown that increased expression of E-selectin and ICAM 
occurs after x-irradiation of endothelial cells in culture (Hallahan et al y 1995, 1996). The 
objective of the present study was to determine whether thoracic irradiation alters the histologic 

10 pattern of expression of P-selectin, E-selectin and ICAM-1 within the irradiated lung. The 
inventors treated mice with thoracic irradiation and stained lung sections with antibodies to 
P-selectin, E-selectin and ICAM- 1 . X-irradiation induced the expression of E-selectin on the 
endothelium of larger vessels, whereas there was little expression in the pulmonary 
microvascular endothelium. ICAM-1 was expressed in the pulmonary capillary endothelium, 

1 5 but minimal expression was observed in the endothelium of larger vessels following thoracic 
irradiation. P-selectin was present in Weibel-Palade bodies in the endothelium prior to 
irradiation, and migrated to the vascular lumen within 30 minutes after irradiation. These 
findings indicate that ionizing radiation alters the histologic pattern of expression of the 
principle cell adhesion molecules that regulate leukocyte emigration from the circulation. 

20 

A. Methods 

1. Thoracic irradiation and immunohistochemical staining 

Twelve week old C3H mice (Jackson Labs, Bar Harbor, MA) were treated with thoracic 
irradiation in the dose range and at the time intervals described in the Results section. Lead 
25 shields protected the head and abdomen. Mice were euthanized by intraperitoneal injection of 
barbiturate at 30 minutes, 6 hours, and 1, 2 and 7 days after irradiation. Lungs were fixed in 
formalin and embedded in paraffin. Paraffin blocks were then sectioned (5 \xm thick) and 
placed on slides. Five micrometer sections of each lung were mounted onto Superfrost Plus 
slides (Fisher Scientific, Pittsburgh, PA). 

30 



WO 98/53852 



PCT/US98/10913 



-60- 

2. Immunohistochcmistry 

Lung sections were baked at 60°C for 1 hour, cleared in xylene, and hydrated through a 
descending alcohol series to distilled water. For E-selectin and CD45 immunostaining, the 
hydrated sections were incubated with Protease I (Ventana Biotech, Tucson, AZ) for 8 minutes 
5 at 42°C. For ICAM immunostaining, the hydrated sections were incubated with Protease II 

(Ventana Biotech) for 8 minutes at 42°C. After washing briefly in ddH20, endogenous activity 
was blocked by treatment of the sections with 3% hydrogen peroxide in methanol for 20 min. 
Two tissue sections from each case were then incubated overnight at 4°C at a titer of 2.5 ng/ml 
for P-selectin and ICAM, and at 7.5 ng/ml for E-selectin (E-selectin [0952 ID], ICAM 

1 0 [01 542D], Pharmingen, San Diego, CA). One slide from each sample was treated in a similar 
fashion and incubated overnight in normal serum immunoglobulin (Ventana Medical Systems, 
Tucson, AZ). The immunohistochemical staining was performed on a Ventana Gen 1 1 system 
(Ventana Medical Systems). The Ventana Gen 1 1 uses an indirect strepavidin-biotin system 
conjugated with horseradish peroxidase for detecting the immunocomplex and 

1 5 diaminobenzidine as a substrate for localization. The Ventana Gen 1 1 uses a cartridge delivered 
avidin/biotin blocking kit to block endogenous biotin. The immunostained sections were 
counterstained with hematoxylin, dehydrated through an ascending alcohol series, cleared, and 
coverslipped. 

20 3. Quantitation of E-selectin expression by use of immunofluoresence. 

Lung sections of mice treated with thoracic irradiation were incubated with 
anti-E-selectin antibody as described above. Following incubation with biotinylated secondary 
antibody, blocking solution was added for 30 min in a humid chamber at 37°C. Avidin-CY3 
(5 ^g/mL) was added to 200 \xL of blocking buffer and filtered through a 0.2-^m millipore 

25 filter. Avidin-fluorochrome solution was added to tissue sections, coverslipped and incubated 
for 30 min in a humid chamber at 37°C. Coverslips were removed and sections were washed 
using 4X SSC/0.1% Triton X at 39°C. Slides were counterstained in DAPI and rinsed with 2X 
SSC for 10 seconds. Slides were then coverslipped with antifade and blotted. Fluorescence 
was then visualized using UV microscopy and NU200 software as described (Hallahan et al y 

30 1997). Fluorescence intensity of pulmonary vessels was measured by use of NIH Image 1.58 
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software. DAPI staining of nuclei was used as a control to verify that fluorescence was 
measured in the same number of cells in each lung section. Fifty nuclei were framed and 
anti-E-selectin immunofluorescence was determined by use of NIH Image software. 
Fluorescence intensity was determined for each pixel within the framed cells and the number of 
5 fluorescent pixels were counted by use of NIH Image. The increase in the number of pixels 
showing fluorescence was determined. The mean and SEM of anti-E-selectin 
immunofluorescence of three lungs was determined for each dose of thoracic irradiation. 

B. Results 

10 1. E-selcctin expression in pulmonary vascular endothelium of mice 

treated with thoracic irradiation 

To study radiation-induced expression of cell adhesion molecules (CAMs) in the 
pulmonary vessels of mice, the inventors irradiated the thorax of C3H mice. Six, 24, 48 and 72 
hours after irradiation, lungs were fixed and embedded in paraffin. Slides containing lung 
1 5 sections were then incubated with rat anti-mouse E-selectin IgG2a (Pharmingen). Lungs from 
irradiated mice showed E-selectin expression primarily in the endothelium of large vessels, and 
minimally in the microvascular endothelium after x-irradiation. E-selectin expression increased 
at 6 hours and returned to baseline at 72 hours after irradiation. 

20 2. ICAM-1 expression in the irradiated lung 

To determine the pattern of x-ray-induced ICAM-1 expression, the inventors stained 
lung sections with rat anti-mouse ICAM-1. Low levels of ICAM-1 expression were found in 
the pulmonary vascular endothelium prior to irradiation. ICAM-1 expression was increased at 
24 hours after irradiation and persisted for 7 days after irradiation. Radiation-induced ICAM-1 
25 expression was increased in the pulmonary capillary endothelium, whereas there was little 

increase in ICAM-1 staining in the endothelium of larger vessels. Thus, the histologic staining 
pattern for E-selectin (larger vessels) and ICAM-1 (microvascular endothelium) varied in the 
irradiated lung. 
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3. Histologic pattern of P-selectin expression in pulmonary vascular 
endothelium following thoracic irradiation 

Prior to thoracic irradiation, P-selectin was constitutively expressed within 
Weibel-Palade bodies in the endothelium. P-selectin migrates to the vascular lumen within 30 
5 minutes after irradiation. P-selectin then entered the vascular lumen and was undetectable in 
the pulmonary endothelium at 6 hours after irradiation. At 24 hours after thoracic irradiation, 
P-selectin accumulated in the pulmonary vascular endothelium and returned to basal levels. 

4. Dose-dependent increase and E-selectin expression in the irradiated 
10 lung 

The inventors have determined that a dose dependent increase in ICAM-1 expression in 
the irradiated lung. To determine whether E-selectin expression is induced following exposure 
to therapeutic doses of radiation, C3H mice were treated with increasing doses of thoracic 
irradiation and lungs were sectioned and stained using the anti-E-selectin antibody. CY3-avidin 

1 5 was used for immunofluoresence after biotinylated secondary antibody, because elastin in the 
pulmonary airways fluoresces at the same wavelength as fluorescein. Anti-E-selectin 
immunofluoresence in pulmonary blood vessels at 6 hours after x-irradiation was calculated by 
use of NIH Image software. Mice were treated with 0, 2, and 10 Gy thoracic irradiation. 
Fluorescence intensity of pulmonary vessels was measured in three experiments. E-selectin 

20 staining increased to 5-fold greater than control after 2 Gy, 12-fold in response to 5 Gy and 
plateaued at 18-fold after 10 Gy or more. 

5. Radiation Induction of Intercellular Signal Transduction 

The inventors have identified several proteins and glycoproteins that contribute to the 
25 response of tissues to ionizing radiation. These include ICAM, E-selectin, P-selectin and von 
Willebrand factor (vWF). These molecules may be regulated at the level of transcription 
(ICAM and E-selectin) or posttranscription (P-selectin and vWF). P-selectin and VWF are 
constitutively expressed in the vascular endothelium and are stored in reservoirs or granules 
within the cytoplasm. These granules rapidly undergo exocytosis to initiate intercellular signal 
30 transduction. This rapid process is the initial step in radiation-mediated leukocyte and platelet 
activation and is the focus of this invention. 
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6. Intercellular Signaling Through Cell Adhesion Molecule Expression 
One aspect of the invention is to determine whether intercellular signaling participates 
in the radiation response. The inventors have developed a model to study this paradigm in 
5 which signals are presented at the tissue-blood interface following irradiation to activate 

nonirradiated circulating cells. The circulation brings untreated cells into the irradiated tissue 
where they are exposed to intercellular signals. The resting vascular endothelium does not 
activate circulating leukocytes and platelets, but has the capacity to initiate intercellular signal 
transduction at the blood interface. The first mechanism of intercellular signaling is a rapid 
1 0 exocytosis of preformed proteins and proteoglycans. In the second mechanism, intercellular 
signaling is controlled at the level of transcription and is delayed but more prolonged than the 
rapid form of signaling. This delayed, inducible response in the vascular endothelium occurs 
within 4 to 24 hours and involves induction of the cell adhesion molecule genes, E-selectin and 
ICAM-1. 

15 

The inventors have found that the E-selectin gene is inducible by ionizing radiation. E- 
selectin is not constitutively expressed in the endothelium but is induced rapidly after x- 
radiation of the vascular endothelium. E-selectin induction is controlled at the level of 
transcription and requires activation of NFkB. Following the transcriptional activation of the 

20 E-selectin gene, this cell adhesion molecular is expressed on the luminal surface of the 

irradiated vascular endothelium. Most recently data indicates that leukocytes are activated 
within the irradiated blood vessels during the time of E-selectin expression. Moreover, the 
inventors have found that transcription regulates intercellular signaling between the irradiated 
endothelium and untreated leukocytes. This invention is not directed toward molecules that are 

25 regulated at the level of transcriptions, but will focus on the novel paradigm of rapid exocytosis 
as a mechanism of intercellular signaling in irradiated tissues. 



ICAM-1 is a second radiation-inducible intercellular signaling molecule that is 
regulated at the level of transcription. The inventors found that ICAM-1 is constitutively 
30 expressed at low levels, and expression is markedly induced following transcriptional activation 
of the ICAM-1 gene. To determine whether ICAM-1 participates in intercellular signaling, the 
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inventors utilize the ICAM-1 blocking antibody which attenuated leukocyte adhesion to the 
irradiated endothelium. To further examine the role of ICAM-1 expression and radiation- 
mediated intercellular signaling, the inventor utilize the ICAM-1 knockout mouse. This animal 
model demonstrated no ICAM-1 induction by ionizing radiation. Leukocyte sequestration in 
5 irradiated blood vessels was markedly attenuated. These findings support the view that 
intercellular signaling plays an important role in the radiation response. 

7. Translocation of P-Selectin on the Irradiated Endothelium 

During the study of CAM expression in v/vo, the inventors selected proteins that are 

1 0 constitutively expressed in the vascular endothelium to serve as controls for 

immunohistochemical analysis. Two such proteins are P-selecting and PECAM-1, which are 
expressed in the endothelium. Immunohistochemical analysis of P-selectin revealed the 
interesting finding that P-selectin expression in the vascular endothelium was absent at six 
hours after irradiation. To determine the mechanism of P-selectin depletion in irradiated 

1 5 vascular endothelium, the inventors studies P-selectin expression at earlier time points. This 
showed that P-selectin was translocated from the cystoplasmic granules to the luminal surface 
of the vascular endothelium at 30 mins. following irradiation. The inventors utilized an in vitro 
model to further study the mechanism of P-selectin translocation in irradiated endothelial cell 
cultures. P-selectin immunofluorescence was utilized to localize P-selectin within the 

20 cytoplasm and cell membrane. In nonirradiated control cells, P-selectin was localized to 
Weibel-Palade (WP) bodies throughout the cytoplasm. At 10 mins. following irradiation, 
Weibel-Palade bodies began translocating by exocytosis to the cell membrane at 30 mins. P- 
selectin remained tethered to the cell membrane following irradiation, in vitro. P-selectin 
immunofluorescence later diminished in a dose dependent maimer. To determine whether P- 

25 selectin was released into the medium. P-selectin was not released into the medium. 

Exocytosis and depletion of P-selectin staining within the endothelial cells was used as a 
marker for dose-dependent increase in Weibel-Palade body exocytosis. It was found that P- 
selectin translocation was dose-dependent with a threshold dose of 2 Gy . A plateau-effect was 
reached after 10 Gy or more. When doses of 5 to 10 Gy were used, depletion of P-selectin 

30 began at 60 mins. in vitro. The inventors contemplate that higher doses activate apoptosis and 
proteolytic degradation. 
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Leukocyte activation within irradiated tissue may not require that direct effect of 
ionizing radiation on leukocytes. Intercellular signaling through the translocation of P-selectin 
or IL-8 may be sufficient. The inventors added the monocytoid cells ML-1 to irradiated 
(10 Gy) HUVEC. TNF production by ML-1 cells was measured by ELISA. The inventors 
5 found a two-fold increase in TNF production in ML-1 cells added to x-irradiated endothelial 
cells as compared to ML-1 cells added to untreated endothelial cell cultures. This model will 
allow the inventors to add blocking agents such as P-selectin blocking antibody into the cell 
culture prior to the addition of monocytes and neotrophils. 

To determine whether leukocyte adherence to irradiated pulmonary blood vessels occurs 

10 after P-selectin translocation, the inventors fixed and sectioned lungs from C56BL6 mice at 
4 hrs. after irradiation. Sections were then immunostained with the leukocyte common antigen 
(CD45) which detects all inflammatory cells within the lung. The inventors found a marked 
increase in leukocytes within tHe vessels as compared to animals treated with sham irradiation. 
Translocated P-selectin may bind to its counterreceptor PGSL on leukocytes to activate 

1 5 expression of cytokines and chemokines and initiate diapedesis and extravasation of leukocytes 
from the circulation. The inventors will stain sections with antibodies to each of the cytokines 
and chemokines known to be induced by P-selectin adhesion to monocytes and neutrophils. 

To establish an in vivo model for the study of intercellular signaling within irradiated 
tissues, the inventors' have characterized the P-selectin knockout mouse. 

20 Immunohistochemical analysis of P-selectin was used to verify that there is no P-selectin 

staining within the endothelium of these P-selectin deficient mice, and there is no translocation 
of P-selectin to the luminal surface following irradiation. 

8. Von Willebrand Factor Release During WPB Exocytosis in Irradiated 
25 Endothelial Cells 

In addition to P-selectin, von Willebrand factor is a component of Weibel-Palade bodies 
(WPB) in endothelial cells. This protein binds to the GP-1B and GP-II glycoproteins on 
platelets to activate platelet aggregation. The inventors' found that platelet aggregation occurs 
within irradiated blood vessels at 5 h following irradiation. Because of this association between 
30 ionizing radiation-induced exocytosis and radiation-induced platelet aggregation, the inventors' 
quantified release of von Willebrand factor from endothelial cells following irradiation. The 
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inventors found that the quantity of von Willebrand factor released into the medium increases 
5-fold following x-irradiation (2 Gy) of endothelial cells within 30 min. Like P-selectin 
translocation, vWF release from irradiated endothelial cells was diminished when doses of 5 to 
10 Gy were used. 

9. Mechanisms of P-selectin Translocation 

The initial step in discerning the potential role of various signal transduction pathways 
is to add enzyme inhibitors prior to x-radiation. Exocytosis of Weibel-Palade bodies is an 
active process requiring the translocation of cytoplasmic granules. Previous studies have 
shown that intracellular signal transduction required for Weibel Palade body translocation 
involves influx of calcium and protein kinase C activation (calcium, PKC). To determine 
whether these signaling pathways participate in radiation-mediated Weibel-Palade body 
exocytosis, the inventors added the intracellular calcium chelator BAPTA and the protein 
kinase C inhibitor, calphostin, to HUVEC cells prior to irradiation. Cells were then treated with 
10 Gy and immunofluorescence was used to localize P-selectin. Irradiated HUVEC cells 
demonstrate translocation of P-selectin to the cell membrane. HUVEC cells pretreated with 
BAPTA or calphostin showed attenuation of P-selectin translocation. Conversely, the tyrosin 
kinase inhibitor, herbimycin A, had no effect on Weibel-Palade exocytosis. To determine 
whether calcium chelation and protein kinase inhibition prevent all molecular responses to 
ionizing radiation, the inventors' added BAPTA and calphostin prior to radiation-induction of 
ICAM-1 expression. BAPTA and calphostin had no effect on x-ray induction of ICAM-1 . 
However, herbimycin A and the NFkB inhibitor ALLN attenuated x-ray induction of ICAM-1 . 
These data demonstrate that intracellular calcium and PKC signal transduction are specific for 
Weibel-Palade body exocytosis and have no effect on ICAM gene induction following 
irradiation. 

10. Protein Kinase C (PKC) Activation By Ionizing Radiation 

Protein kinase C (PKC) is a family of related phosphotransferase enzymes that 
participate in signal transduction. The inventors have found that ionizing radiation rapidly 
activates the phosphotransferase activity of PKC. These data demonstrate that PKC is activated 
within 30 seconds of irradiation. This family of enzymes participates in x-ray induction of 
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genes that participate in intracellular signaling. Examples of radiation-inducible genes that 
require PKC activation and activate nonirradiated cells include E-selectin and TNF. The 
mechanisms by which ionizing radiation activates PKC include the production of DAG, 
arachanonic acid, and calcium. 

5 

C. Discussion 

The purpose of this study was to characterize the radiation-mediated induction of cell 
adhesion molecules in vivo. E-selectin and ICAM-1 are radiation-inducible genes that are 
expressed in vascular endothelial cells (Hallahan et al 9 1995, 1996), and are associated with 

1 0 recruitment of inflammatory cells into sites of tissue injury (Collins, 1 995 ; Springer, 1 994). 
The time course and dose-dependent increase in E-selectin expression on irradiated endothelial 
cells in culture is similar to that observed in the pulmonary vascular endothelial cells of mice 
treated with thoracic irradiation (Hallahan et ai 9 1995). The histologic pattern of expression of 
E-selectin in the irradiated lung differed from that observed for ICAM-1 and P-seiectin. 

15 ICAM-1 was primarily expressed in the endothelium of the pulmonary microvasculature, in 
contrast to E-selectin which was expressed primarily in the endothelium of larger vessels. 
P-selectin was expressed from the endothelium of larger vessels, and was never expressed in 
the microvasculature. This contrasting pattern of expression may be associated with the 
function of each of these CAMs. The selectins slows the velocity of leukocytes (Springer, 

20 1994), whereas ICAM-1 contributes to leukocyte extravasation from the microvasculature 

(Collins, 1995; Luscinskas et al., 1991 ; Smith et al 9 1988). This pattern is associated with the 
histologic pattern of inflammatory cell infiltration into alveolar septa (Fuks et al 9 1995; Franko 
et al y 1997). 

The inventors also have determined that a dose dependent increase in ICAM-1 
25 expression in x-irradiated pulmonary vascular endothelium exists. The present study 

demonstrates that E-selectin expression in the pulmonary vascular endothelium increases in 
dose and time dependent manners following thoracic irradiation. E-selectin expression 
increases after a dose as low as 2 Gy and plateaus when doses above 1 0 Gy are used. This 
threshold dose was similar to that for ICAM-1, but the fold-increase in immuno-fluorescence 
30 was greater for E-selectin than ICAM. This may be due to the higher basal expression of 
ICAM in the lung as compared to E-selectin. 
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The radiation-mediated increase in E-selectin and ICAM-1 mRNA expression requires 
no de novo protein synthesis and is blocked by the transcription inhibitor actinomycin D 
(Hallahan et al, 1995, 1996). The 587-base-pair segment of the 5' regulatory region of the 
E-selectin gene and the 1.2 kb segment of the 5' regulatory region of the ICAM-1 gene are both 
5 sufficient to regulate activation of radiation-induced transcription (Hallahan et al , 1995, 1 996). 
The inventors also have shown that deletion of the NFkB binding region within the E-selectin 
promoter eliminates radiation induction of this CAM gene (Hallahan et al, 1995). It is noted 
that radiation induction of cell adhesion molecules is distinct from that observed after cytokine 
stimulation in that radiation induction was limited to E-selectin and ICAM, but did not occur 

10 with VCAM-1 (Hallahan et al, 1995). Furthermore, production of TNF and IL-1 following 
irradiation of macrophages occurs 12 to 18 hours after irradiation (Hallahan et al, 1989), 
whereas E-selectin gene expression occurs 2 hours after irradiation (Hallahan et al, 1995). 
Moreover, NFkB binding to the E-selectin promoter occurs within 1 0 minutes after irradiation, 
indicating that this molecular response is rapid (Hallahan et al, 1995). Taken together, these 

1 5 data suggest that TNF and IL-1 are not necessary for radiation-mediated E-selectin induction in 
the vascular endothelium. 

EXAMPLE III 
P-selectin Translocation to Endothelial Cell Lumen In Vivo 

20 Many methods are available to induce P-selectin translocation to tumor vasculature 

endothelial cell lumen in vivo, as exemplified by the following. 

To induce P-selectin translocation in vivo one would, generally, expose the cells to 
ionizing radiation at a dose sufficient to cause the P-selectin to translocate. When using the 
invention to treat cancer, the tumor site itself will generally be subjected to x-ray irradiation, 
25 allowing for spatially controlled P-selectin translocation, which is a particular advantage of this 
invention. 



Effective doses are found to be between about 0.5 Gy to about 50 Gy. The inventors 
contemplate that the tumors of cancer patients will be irradiated with between about 2 Gy up to 
a total dose of about 20 Gy. Daily irradiation can also be used to persistently translocate 
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P-selectin. Examples of ionizing radiation include not only x-rays, but also y-irradiation. 
Clincially appropriate doses are 1-20 Gy. 

EXAMPLE IV 

Antibodies to P-selectin 

5 Where antibodies to P-selectin are used, it is preferred to use monoclonal antibodies 

(MAbs), as may be obtained from a variety of commercial sources. Should one wish to prepare 
a novel anti-P-selectin MAb, techniques are readily available. Means for preparing and 
characterizing antibodies are well known in the art {see, e.g., Antibodies: A Laboratory Manual, 
Cold Spring Harbor Laboratory, 1988; incorporated herein by reference). The methodological 
10 references in this area are supplemented by the specific teachings of, e.g., Mulligan et al (1991) 
and Norton et al (1993) . 

The methods for generating MAbs generally begin along the same lines as those for 
preparing polyclonal antibodies. Briefly, a polyclonal antibody is prepared by immunizing an 
animal with an P-selectin immunogenic composition and collecting antisera from that 
1 5 immunized animal. A wide range of animal species can be used for the production of antisera. 
Typically the animal used for production of anti-antisera is a rabbit, a mouse, a rat, a hamster, a 
guinea pig or a goat. Because of the relatively large blood volume of rabbits, a rabbit is a 
preferred choice for production of polyclonal antibodies. 

As is well known in the art, a given composition may vary in its immunogenicity. It is 
20 often necessary therefore to boost the host immune system, as may be achieved by coupling a 
peptide or polypeptide immunogen to a carrier. Exemplary and preferred carriers are keyhole 
limpet hemocyanin (KLH) and bovine serum albumin (BSA). Other albumins such as 
ovalbumin, mouse serum albumin or rabbit serum albumin can also be used as carriers. Means 
for conjugating a polypeptide to a carrier protein are well known in the art and include 
25 glutaraldehyde, m-maleimidobencoyl-N-hydroxysuccinimide ester, carbodiimyde and 
bis-biazotized benzidine. 

As is also well known in the art, the immunogenicity of a particular immunogen 
composition can be enhanced by the use of non-specific stimulators of the immune response, 
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known as adjuvants. Exemplary and preferred adjuvants include complete Freund's adjuvant (a 
non-specific stimulator of the immune response containing killed Mycobacterium tuberculosis), 
incomplete Freund's adjuvants and aluminum hydroxide adjuvant. 

The amount of immunogen composition used in the production of polyclonal antibodies 
5 varies upon the nature of the immunogen as well as the animal used for immunization. A 
variety of routes can be used to administer the immunogen (subcutaneous, intramuscular, 
intradermal, intravenous and intraperitoneal). The production of polyclonal antibodies may be 
monitored by sampling blood of the immunized animal at various points following 
immunization. A second, booster injection, may also be given. The process of boosting and 
1 0 titering is repeated until a suitable titer is achieved. When a desired level of immunogenicity is 
obtained, the immunized animal can be bled and the serum isolated and stored, and/or the 
animal can be used to generate MAbs. 

MAbs may be readily prepared through use of well-known techniques, such as those 
exemplified in U.S. Patent 4,196,265, incorporated herein by reference. Typically, this 
15 technique involves immunizing a suitable animal with a selected immunogen composition. In 
this case, the immunogen will generally be a purified or partially purified P-selectin protein, 
polypeptide or peptide, or even a population of cells known to express P-selectin. 

The immunizing composition, whether purified protein- or cell-based, is administered in 
a manner effective to stimulate antibody producing cells. Rodents such as mice and rats are 
20 preferred animals, however, the use of rabbit, sheep frog cells is also possible. The use of rats 
may provide certain advantages (Goding, 1986, pp. 60-61), but mice are preferred, with the 
BALB/c mouse being most preferred as this is most routinely used and generally gives a higher 
percentage of stable fusions. 

Following immunization, somatic cells with the potential for producing antibodies, 
25 specifically B lymphocytes (B cells), are selected for use in the MAb generating protocol. 

These cells may be obtained from biopsied spleens, tonsils or lymph nodes, or from a peripheral 
blood sample. Spleen cells and peripheral blood cells are preferred, the former because they are 
a rich source of antibody-producing cells that are in the dividing plasmablast stage, and the 
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latter because peripheral blood is easily accessible. Often, a panel of animals will have been 
immunized and the spleen of animal with the highest antibody titer will be removed and the 
spleen lymphocytes obtained by homogenizing the spleen with a syringe. Typically, a spleen 
from an immunized mouse contains approximately 5 x 10 7 to 2 x 10 8 lymphocytes. 

5 The antibody-producing B lymphocytes from the immunized animal are then fused with 

cells of an immortal myeloma cell, generally one of the same species as the animal that was 
immunized. Myeloma cell lines suited for use in hybridoma-producing fusion procedures 
preferably are non-antibody-producing, have high fusion efficiency, and enzyme deficiencies 
that render then incapable of growing in certain selective media which support the growth of 
1 0 only the desired fused cells (hybridomas). 

Any one of a number of myeloma cells may be used, as are known to those of skill in 
the art (Goding, pp. 65-66, 1986; Campbell, pp. 75-83, 1984. cites). For example, where the 
immunized animal is a mouse, one may use P3-X63/Ag8, X63-Ag8.653, NSl/l.Ag 4 1, 
Sp210-Agl4, FO, NSO/U, MPC-1 1, MPCU-X45-GTG 1.7 and S194/5XX0 Bui; for rats, one 
15 may use R210.RCY3, Y3-Ag 1.2.3, IR983F and 4B210; and U-266, GM1500-GRG2, 
LICR-LON-HMy2 and UC729-6 are all useful in connection with human cell fusions. 

One preferred murine myeloma cell is the NS-1 myeloma cell line (also termed 
P3-NS-l-Ag4-l), which is readily available from the NIGMS Human Genetic Mutant Cell 
Repository by requesting cell line repository number GM3573. Another mouse myeloma cell 
20 line that may be used is the 8-azaguanine-resistant mouse murine myeloma SP2/0 non-producer 
cell line. 

Methods for generating hybrids of antibody-producing spleen or lymph node cells and 
myeloma cells usually comprise mixing somatic cells with myeloma cells in a 2:1 proportion, 
though the proportion may vary from about 20:1 to about 1:1, respectively, in the presence of 
25 an agent or agents (chemical or electrical) that promote the fusion of cell membranes. Fusion 
methods using Sendai virus have been described by Kohler and Milstein (1975; 1976), and 
those using polyethylene glycol (PEG), such as 37% (v/v) PEG, by Gefter et al (1 977). The 
use of electrically induced fusion methods is also appropriate (Goding pp. 71-74, 1986). 
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Fusion procedures usually produce viable hybrids at low frequencies, about 1 x lO^to 

-8 

1x10'. However, this does not pose a problem, as the viable, fused hybrids are differentiated 
from the parental, unfused cells (particularly the unfused myeloma cells that would normally 
continue to divide indefinitely) by culturing in a selective medium. The selective medium is 
5 generally one that contains an agent that blocks the de novo synthesis of nucleotides in the 
tissue culture media. Exemplary and preferred agents are aminopterin, methotrexate, and 
azaserine. Aminopterin and methotrexate block de novo synthesis of both purines and 
pyrimidines, whereas azaserine blocks only purine synthesis. Where aminopterin or 
methotrexate is used, the media is supplemented with hypoxanthine and thymidine as a source 
10 of nucleotides (HAT medium). Where azaserine is used, the media is supplemented with 
hypoxanthine. 

The preferred selection medium is HAT. Only cells capable of operating nucleotide 
salvage pathways are able to survive in HAT medium. The myeloma cells are defective in key 
enzymes of the salvage pathway, e.g., hypoxanthine phosphoribosyl transferase (HPRT), and 
1 5 they cannot survive. The B cells can operate this pathway, but they have a limited life span in 
culture and generally die within about two weeks. Therefore, the only cells that can survive in 
the selective media are those hybrids formed from myeloma and B cells. 

This culturing provides a population of hybridomas from which specific hybridomas are 
selected. Typically, selection of hybridomas is performed by culturing the cells by single-clone 
20 dilution in microliter plates, followed by testing the individual clonal supernatants (after about 
two to three weeks) for the desired reactivity. The assay should be sensitive, simple and rapid, 
such as radioimmunoassays, enzyme immunoassays, cytotoxicity assays, plaque assays, dot 
immunobinding assays, and the like. Screening hybridomas for those that react exclusively 
with P-selectin is also described by Mulligan et al. (1991). 

25 The selected hybridomas would then be serially diluted and cloned into individual 

antibody-producing cell lines, which clones can then be propagated indefinitely to provide 
MAbs. The cell lines may be exploited for MAb production in two basic ways. A sample of 
the hybridoma can be injected (often into the peritoneal cavity) into a histocompatible animal of 
the type that was used to provide the somatic and myeloma cells for the original fosion. The 
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injected animal develops tumors secreting the specific monoclonal antibody produced by the 
fused cell hybrid. The body fluids of the animal, such as serum or ascites fluid, can then be 
tapped to provide MAbs in high concentration. The individual cell lines could also be cultured 
in vitro, where the MAbs are naturally secreted into the culture medium from which they can be 
5 readily obtained in high concentrations. MAbs produced by either means may be further 

purified, if desired, using filtration, centrifugation and various chromatographic methods such 
as HPLC or affinity chromatography. 

A molecular cloning approach could also be used to generate monoclonals. For this, 
combinatorial immunoglobulin phagemid libraries are prepared from RNA isolated from the 

10 spleen of the immunized animal, and phagemids expressing appropriate antibodies are selected 
by panning, e.g., using cells expressing P-selectin and control cells. The advantages of this 
approach over conventional hybridoma techniques are that approximately 10 4 times as many 
antibodies can be produced and screened in a single round, and that new specificities are 
generated by H and L chain combination which further increases the chance of finding 

1 5 appropriate antibodies. 

Functional antibody fragments, e.g., Fab', Fab, F(ab% Fv and scFv fragments, can also 
be employed, so long as the antibody or fragment exhibits the desired binding specificity for 
E-selectin. Methods for generating active antibody fragments are well known in the art. Means 
for making radiolabeled Fab'-Fabs are also known (Le Duossal et al, 1992). Methods for 
20 employing anti-P-selectin fragments, in contexts other than with radiation-induction, have also 
been described, which can now be utilized in the present invention. 

Monoclonal antibodies to human P-selectin can be labeled, e.g., using 125 I, I31 I, or any 
other desired agent, using previously described techniques. For example, using the oxidative 
reagent from Iodogen (Fraker and Speck, 1978) or the lactose periodase from LKB (Klein, 
25 1989). Harrison also described astatine-211 -labeling of MAbs. Mehtae/ al (1990) describe 
methods for coupling Yttrium-90 (90Y) to diethylene triaminepenta acetic acid (DTP A) and 
then covalently linking this to a monoclonal antibody. 



WO 98/53852 



PCT/US98/10913 



-74- 

Deshpande et al (1988) also describe an effective technique for use in labeling 
antibodies with copper-67. 67Cu is one of the most promising radiometals for 
radioimmunotherapy because of its 61 .5 hr physical half-life, abundant beta particles, and 
gamma emissions suitable for imaging. However, 67Cu is readily transferred from the usual 
5 chelates of EDTA or DTPA to albumen. Deshpande et al (1988) developed a new macrocycle 
(6-p-nitrobenzyl-TETA) to chelate copper. The Afunctional chelating agent 
p-bromoacetamidobenzyl-TETA was conjugated to a monoclonal antibody without 
significantly altering its immunoreactivity. 

Many methods are also available for use in linking MAbs to anti-tumor proteins, such 
10 as, e.g., neocarzinostatin (NCS). For example, Luders et al (1985) used the heterobifunctional 
reagent N-succinimidyl 3-(2-pyridyldithio)-propionate (SPDP). The conjugate retained both 
the reactivity of the antibody and the toxicity of the drug. Scott et al (1987) described a 
method for preparing an immunotoxin-like compound composed of a monoclonal antibody 
linked by a disulfide bond to the ribosome-inactivating protein gelonin. 

1 5 Braslawsky et al ( 1 990) also describe methods for chemically coupling adriamycin to 

monoclonal antibodies. In these studies, immunoconjugates were prepared by linking to the 
MAb and ADM derivative, Adriamycin 13-3-(2-pyridyldithio) propionyl]hydrazone 
(ADM-HZN), which releases ADM under mild acidic conditions. 

Many methods are also available for use in linking MAbs to gene segments, such as 
20 gene segments encoding anti-tumor proteins, thrombolytic agents and anticellular agents that 
kill or suppress the growth or cell division of disease-associated endothelial cells. Examples of 
effective thrombolytic agents are streptokinase and urokinase. Bode et al (1 985) described an 
antibody-directed urokinase that functioned as a specific fibrinolytic agent. The 
urokinase-MAb conjugate retained the original binding specificity of the antibody and showed 
25 100-fold increased fibrinolysis in vitro when compared to unmodified urokinase. This 

technology could also be used in connection with the present invention following covalently 
coupling urokinase to a monoclonal antibody against E-selectin. 
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Colien et al (1990) also reported on the thrombolytic and pharmacokinetic properties of 
a conjugate of recombinant single-chain urokinase-type plasminogen activator with a 
monoclonal antibody. This chemical conjugate between recombinant single-chain 
urokinase-type plasminogen activator (rscu-PA) and a murine monoclonal antibody was 
5 produced by cross-linking with SPDP. 

In pre-clinical animal studies designed for optimization, antibodies to mouse 
PE-selectin arc contemplated to be useful. Animal models designed to allow optimization of 
anti-cancer strategies are routinely employed prior to translating the results to a clinical 
environment. Such animal models are generally held to be predictive of results in humans. 

0 The inventors will show that ionizing radiation increases binding of P-selectin 

hgand-conjugated-cytotoxins in cancer xenografts in mice. Antibodies to mouse P-selectin are 
used here as the endothelial cells within experimental tumors will be of mouse origin. 
Monoclonal antibodies to murine P-selectin and glycyrrhizin-albumin conjugates are bound to 

131 

I and injected into the tail veins of mice 4 h after ionizing radiation exposure. ,3I I 
5 localization to irradiated tumors and tissues will be characterized using total body scanning as 
previously described (DeSombre et al, 1990; Lessem et al, 1980) and scintillation counting. 



Pre-clinically, the feasibility of using ionizing radiation to increase in vivo transfection 
of tumors will be proven using a predictive animal model. The inventors have already 
optimized the use of liposomes to transfect human tumor xenografts in nude mice. Human 
breast cancer xenografts in nude mice will be used to determine which model is most or best 
suited to study efficacy. Xenografts and analytical techniques have been described (Brunner et 
al, 1993; Miller etal, 1994; Weichselbaum etal, 1994; Pai et al, 1992). 

Binding of P-selectin-targeted conjugates to the cells in the irradiated tumor vasculature 
will be compared to control unirradiated tumors in the opposite hind limb. Other controls will 
include tumors that are irradiated and contacted with, e.g., Lipofectin liposomes without 
P-selectin ligands. Furthermore, mice without tumors will receive local irradiation to lung, 
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liver and hind limb to determine whether radiation-induction of P-selectin occurs in various 
tissues. 

The Mulligan et al (1991) methodology may be used in the methods of this invention, 
following radiation-induction of P-selectin translocation. These authors showed that certain 
MAbs blocked in vitro adherence of neutrophils to TNF alpha-treated endothelial cells and the 
killing of TNF alpha-treated rat endothelial cells by phorbol ester activated neutrophils. 

The methodology and studies reported by Williams et al (1990) may also be used in 
conjunction with the present invention. These authors used radiolabeled antibodies to target 
tumor antigens. However, the strategy will be essentially the same, once P-selectin has been 
translocated. The regimens described by Williams et al (1990) are considered to be a suitable 
guideline for glioma treatment. 

In a clinical setting, anti-human P-selectin is conjugated to a cytotoxic agent, such as 
pseudomonas exotoxin, staph endotoxin, ricin, a conventional chemotherapeutic agent, or a 
radioligand, such as 13I I, and then given to a patient. For example, l3l I bound murine 
monoclonal anti-human P-selectin is administered at a dose of 1 mCi 4 h after irradiation. 
Patients then undergo gamma camera scanning to quantify the localization of I31 I. This 
schedule of delivery is to be repeated daily to a total dose of 20 Gy from external irradiation, 
and the dose will be escalated by 4 Gy in cohorts of 3 patients unless a major toxicity is 
observed when 3 more patients will be added at that dose level. Alternatively, bispecific 
antibody may be employed to target a virus, such as herpesvirus, retrovirus, adenovirus, adeno- 
associated virus, vaccinia virus or a polyoma virus to the vasculature. 

EXAMPLE VI 

Oligosaccharides that Bind to P-selectin 

Many oligosaccharides are known that bind to selectin. Most agents that bind E-selectin 
also will bind P-selectin, and vice versa. A preferred oligosugar is PGSL, given its specific 
affinity for P-selectin. Still further ones can now be developed following the teaching of the 
present disclosure in combination with the knowledge in the art. All such oligosaccharides are 
contemplated for use in the present invention. 
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Some of the best studied P-selectin-binding oligosaccharides are the sialyl Lewis X/A 
compounds (Walz et al, 1990; Phillips et a/., 1990; Berg et al, 1991). Indeed, there is general 
agreement that the ligands for P-selectin include sialylated, polylactosamine, oligosaccharides, 
with a fticose on the first (sia!yl-Lewis x (sLe x ) epitope, 
5 Sia(a2-3)Gal(pl-4)[Fuc(al-3)]GlcNAc-R) or second [VIM-2 epitope, 

Sia(a2-3)Gal(pi-4)GlcNAc(pl-3)GaI(pi-4)[Fuc(al-3)]Gl^ 
the nonreducing end. 

Sialyl Lewis X/A compounds may either be synthesized or purchased. For example, 2-3 
sLe x hexa glycolipids and 2-3 sLe x pentaglycolipids may be synthesized as described by 

10 Kameyama et al (1991), Hasegawa et al (1994) and Yoshida et al (1993). 2-3 sLe x tetra 
compounds can be obtained from Glycomed (Alameda, CA). 2-3 sLe x hexa glycolipid is 
sia(a2-3)Gal(pi-4) [Fuc (al-3) ] GlcNAc (pl-3) Gal (pi-4) Glc-ceramide; 2-3 sLe x penta 
glycolipid is Sia (<x2-3)Gal(pl-4) [Fuc(al-3)] GlcNAc (pi-3)Gal-ceramide; 2-3 sLe a hexa is Sia 
(a2-3) Gal (pl-3) [Fuc (al-4) ]GlcNAc(pi-3)Gal(pi-4)Glc; and 2-3 sLe x tetra is Sia(a2-3)Gal 

15 (pl-4) [Fuc (al-3) ]GlcNAc. 

Tyrrell et al (1991) analyzed the structural requirements for carbohydrates ligand of 
selectins and reported a detailed investigation into the minimum structural requirements for 
E-selectin carbohydrate recognition. Using both direct binding and inhibition studies, Tyrrell et 
al (1991) demonstrated that the sialyl Lewis x tetrasaccharides 
20 Sia(a2-3)(Gal(pi-4)[Fuc(al-3)]GlcNAc, and Sia(a2-3)Gal(pi-4)[Fuc(al-3)]Glc are the 

smallest oligosaccharides recognized by the lectin. In addition, an oligosaccharide containing 
the sialyl Lewis 3 epitope was also recognized, but less avidly 

The Tyrrell et al (1991) model, together with NMR data on the conformation of 
oligosaccharides in solution, lead to a hypothesis for the binding face of oligosaccharides 
25 interacting with selectins. The Tyrrell model incorporates the following conclusions: (i) fucose 
and sialic acid are required for selectin binding; (ii) 2-6- linked sialic acid is not recognized; 
(iii) removal of carbons 8 and 9 on the sialic acid or substitution of an A/-glycolyl for the 
W-acetyl of the sialic acid residue do not effect binding; (iv) removal of the N-acetyl group from 
the N-acetylglucosamine does not reduce binding; (v) reduction of 2-3 sLe x (Glc) does not 
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substantially reduce its inhibitory activity. The 2-3 sLe x and 2-3 sLe a oligosaccharides, in their 
minimum-energy conformation, present the same orientation of sialic acid, galactose, and 
fiicose. 

When linked 2-6, the sialic acid residue assumes a much different conformation in 
5 space. In the Tyrrell et al (1991) model the glycerol side chain (carbons 7, 8, and 9) and the 
Af-acetyl group of the sialic acid are oriented away from the recognized face of the 
oligosaccharide. In addition, opening the reducing terminal sugar results in three 
minimum-energy configurations, one of which closely matches the original configuration. The 
carboxyl group of the sialic acid, the 4- and 6-hydroxyls of galactose, and the 2-, 3-, and 
1 0 4-hydroxyls of fiicose are involved in recognition. 

Selectin-binding oligosaccharides that match the Tyrrell et al (1991) criteria are 
contemplated to be particularly useful as targeting agents in the invention. The 
oligosaccharides described in the papers by Yuen et al (1992; 1994), Nelson et al (1993), 
Green et al (1992), Kojima et al (1992), Munro et al (1992); Mulligan et al (1993) and 
1 5 Narasinga Rao et al (1 994) may also be employed as E-selectin-binding oligosaccharides, 
according to the following reasoning. 

Yuen et al (1992) identified another class of oligosaccharides that bind to the human 
selectins using oligosaccharides on an ovarian cystadenoma glycoprotein. This was achieved 
by application of neoglycolipid technology to oligosaccharides released from the glycoprotein 

20 by mild alkaline (3-elimination. Oligosaccharides were conjugated to lipid, resolved by 

thin-layer chromatography, and tested for binding by Chinese hamster ovary cells which had 
been transfected to express the full-length E-selectin molecule. Several components with 
strong selectin binding activity were revealed among acidic oligosaccharides. The smallest 
among these was identified as an equimolar mixture of the Le a " and Le x /SSEA-l-type 

25 fucotetrasaccharides sulfated at position 3 of outer galactose (Yuen et al, 1992). 

The binding activity of this is substantially greater than those of lipid-linked Le a and 
Le7SSEA-l sequences and is at least equal, if not superior, to that of the 3'-sialyl-Le x /SSEA-l 
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glycolipid analogue. Therefore, this compound is also particularly contemplated for use in the 
present invention. 

The 3'-sulphated Lea/Le x type tetrasaccharides have also been shown to be more 
strongly bound to selectins than 3'-sialyl analogues (Green et al, 1992). A 
5 considerable-binding was observed to the 3'-sulphated oligosaccharide backbone in the absence 
of fucose but not to a 3'-sialyl analogue or fuco-oligosaccharide analogues lacking sulphate or 
sialic acid. These studies highlight the relative importance of sulphate in the adhesive 
specificity of this protein and establish that 3'-sulphated Le a /Le x tetrasaccharides are effective 
ligands for selectin binding. The inventors also envision using the tetrasaccharides described 
10 by Green et al (1992) in the targeting embodiments described herein. 

A further series of synthetic oligosaccharides based on sialyl Lewis x (sLe x ) and sialyl 
Lewis a (sLe a ) were used to study the binding interactions of selectins by Nelson et al (1993). 
These authors found that solution-phase sLe x is a more potent blocker of E-selectin than is sLe\ 
Furthermore, addition of an aliphatic aglycone in combination with an amino substitution on 
15 the GlcNAc of sLe a resulted in a compound with 36-fold higher activity than sLe\ as measured 
in a competitive binding assay (Nelson et al , 1 993). 

More specifically, Nelson et al (1993) showed that the attachment of an 
8-methoxycarbonyloctyl aglycone in a p linkage to the anomeric carbon of the GlcNAc of sLe x 
or sLe a increased their blocking (i.e., binding) activity nearly twofold. Replacement of the 
20 2-tf-acetyl substituent of the GlcNAc by an azido or amino group resulted in substantial 

increases in activity, with the most potent inhibitor being amino substituted sLe a , which was 
36-fold more active (IC 50 = 21±3 |iM) than the reducing tetrasaccharide sLe\ Aglycone and 
amino substituted sLe 3 compounds are thus also contemplated for use in selectin binding and 
targeting following site specific induction. 

25 Yuen et al (1 994) also reported that the sulfated Le a tetra- and pentasaccharides are 

particularly potent selectin ligands. The inhibitory activity of the sulfated Le a pentasaccharide 
was reportedly substantially greater than that of the sialyl-Le x trisaccharide, which is currently 
the most widely used inhibitor of E-selectin binding: 45-, 35-, or 15-fold greater depending on 
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whether adhesion is to sialyl-Le a , sulfated Le 3 , or sialyl-Le x pentasaccharides, respectively. 
These findings can be utilized in designing second generation selectin binding agents, as may 
be used in the present invention. 

Mulligan et al (1993) have described the protective effects of sialylated 
5 oligosaccharides in immune complex-induced acute lung injury. These authors showed that 
tetra- and pentasaccharide derivatives of sialyl Lewis x oligosaccharides derived from fucosyl 
transferase-expressing cells, or generated synthetically, protected against acute lung damage 
after deposition of immunoglobulin (Ig)G or IgA immune complexes. 

In the IgG immune complex model of lung injury, which is E-selectin dependent, sialyl 
10 Lewis x oligosaccharide preparations provided dose-dependent protective effects, as assessed by 
changes in lung vascular permeability and hemorrhage. Protective effects were associated with 
diminished tissue accumulation of neutrophils in lungs. Morphological assessment revealed 
reduced physical contact of neutrophils with the pulmonary vascular endothelium and reduced 
tissue accumulation of neutrophils (Mulligan et al, 1993). These studies show that sialyl 
15 Lewis x oligosaccharides are safe for use in therapeutic embodiments. 

Narasinga Rao et al (1994) used conformational energy computations, high field NMR, 
and structure-function studies to define distance parameters of critical functional groups of 
sLe x . This sLe x pharmacophore was used to search a three-dimensional data base of chemical 
structures. Compounds that had a similar spatial relationship of functional groups were tested 
20 as inhibitors of selectin binding. Glycyrrhizin, a triterpene glycoside, was identified and found 
to block selectin binding to sLe x in vitro. Using technology such as that described by Narasinga 
Rao et al (1994), the inventors contemplate that other E-selectin binding agents may be 
identified, expanding the group of compounds available for use in this invention. 

Narasinga Rao et al (1994) also substituted different sugars for the glucuronic acids of 
25 glycyrrhizin and found the L-fiicose derivative to be the most active in vitro and in vivo. A 
C-fucoside derivative, synthesized on a linker designed for stability and to more closely 
approximate the original sLe x pharmacophore, resulted in an easily synthesized, effective 
selectin blocker with anti-inflammatory activity. 
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The Narasinga Rao approach is based generally on the finding that only the charged 
group of sialic acid is essential to allow binding of carbohydrate epitopes to selectins (Tyrrell et 
al y 1991). In searching the Fine Chemicals Directory data base using MACCS 
three-dimensional software against a pharmacophore derived from solution conformations of 
sLe x , compounds that matched the pharmacophore definition were identified. Such an 
approach may allow less expensive selectin- binding components to be identified. 

In a first approximation, Narasinga-Rao et al constructed a pharmacophore using the 
spatial dispositions of the carboxylate group of the sialic acid and the vicinal hydroxyls of 
fucose, which were found to be separated by 10-12 A. In the initial two-dimensional search of 
-75,000 compounds in the data base, nearly 400 compounds were identified. However, by 
modifying the query to more closely match the pharmacophore, the number of compounds 
dropped to 23 (Narasinga-Rao et al , 1 994). 

An examination of this list revealed that there were (i) multiple redundancy (i.e. 
different salt forms), (ii) organic salts, (iii) sugar-uronic acids, and (iv) modified forms of 
certain core structures within the list. Therefore, the list was reduced to 9 potential compounds 
for screening as inhibitors of selectin binding to immobilized sLe x (Narasinga-Rao et al, 1994). 

In addition to glycyrrhizin and glycyrrhizic acid (NH + 4), natural products from licorice, 
other compounds blocked selectin binding to sLe x (Narasinga-Rao et al, 1994). Of the other 
compounds identified in this search, the effective ones include: carminic acid, which also 
blocked selectin binding at concentrations comparable to those of glycyrrhizin; a-Hederin, 
which showed a weaker activity, inhibiting at 2-3 mM concentrations; carmine; picrocarmine; 
carmine ammonia; rhein-8-glucoside; kasugamycin hydrochloride; kasugamycin; meglumine 
diatrizoate; [rwg- l4 C]Chlorhexidine; trigalacturonic acid; escin; metrizoic acid (meglumine 
salt); and iV-(a-Rhamnopyranosyloxy hydroxyphosphonyl)- Leu-Trp (sodium salt). All of 
these compounds have potential for use in the invention, following proper safety and efficacy 
testing, and are commercially available from one or more of the following vendors: Aldrich, 
Apin, BDH, Calbio, Fluka, ICN K&K Laboratories, Inc., Sigma, Schweitze, and TCI America. 
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The Narasinga-Rao et al (1994) results indicate that 18-p-glycyrrhetinic acid, the 
aglycon of clycyrrhin, is relatively ineffective at blocking selectin activity (IC 50 > 2 mM), 
suggesting that the sugar residues are important for in vitro function. To further simplify the 
structure and to increase efficacy, glucose (Glu-0-GA), galactose (Gal-O-GAj), fucose 
5 (Fuc-0-GA), maltose (Malt-O-GA) were linked to glycyrrhetinic acid in place of the two 
glucuronic acid residues found on glycyrrhizin. The natural O-glycosidic linkage to the 
triterpene core was retained. Most of these substitutions resulted in a loss of selectin inhibition 
activity in vitro. 

Based on these data, as well as the fact that fucose is an essential component of the 
1 0 native sLe x ligand for the selectins (Brandley et al , 1 993), a C-fucoside of glycyrrhetinic acid 
(Fuc-C-GA) was synthesized (Narasinga-Rao et al , 1 994). This compound was designed to 
incorporate a more chemically and metabolically stable carbon linkage in place of the natural 
Oglycosidic linkage and to more closely mimic the 10- 12- A distance between the carboxylate 
group and fucose in sLe x . In the ELISA for selectin inhibition, Fuc-C-GA was more potent 
15 than glycyrrhizin against E-selectin and L-selectin and of equal efficacy against P-selectin. In 
vivo, Fuc-C-GA demonstrated greatly increased efficacy over glycyrrhizin and was equal to 
Fuc-O-GA. 

Glycyrrhizin is used in Chinese herbal medicines as an anti-inflammatory agent (Davis 
and Morris, .1991) and is therefore safe for human administration. The synthetic derivatives, 
20 especially the C-fucoside of glycyrrhetinic acid, are also contemplated for use in vivo. Further 
compounds identified by pharmacophore searches are expected to have utility in P-selectin 
binding and targeting. 

To label an oligosaccharide, a "bridging" molecule may be employed, e.g., albumin. 
For example, albumin is conjugated to glycyrrhizin and the albumin-glycoconjugate is then 
25 iodinated with I31 I using previously described methods (Fraker and Speck, 1978) and lactose 
peroxidase from LKB (Klein, 1989). This technology can be employed with any of the 
E-selectin-binding oligosaccharides. Glycoconjugates of Lewis X gangliosides have also been 
described (Terada et al, 1994), and these synthetic methods may be employed in connection 
with the invention. 
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EXAMPLE VII 

Targeting Translocated P-selectin with Oligosaccharide Conjugates 

Following labeling of, e.g., glycyrrhizin, with abridging molecule and ion, e.g., albumin 

125 

and I, the binding properties of the resultant conjugate can then be analyzed. For example, 

125 

5 I-glycyrrhizin-albumin conjugates are added to endothelial cells before and after ionizing 
radiation exposure, in an analogous manner to that described in the earlier examples for the 
targeting of P-selectin with antibody conjugates. 

Clinically, I3I I-albumin-glycoconjugate is added to cells within about 30 min after 
irradiation as described above in an analogous manner to that in the earlier examples. The 
10 l3l I-albumin-glycoconjugate binding to x-ray-induced P-selectin is then quantified by 
scintillation counting. Efficacy is determined by colony formation assay as described in 
Hallahan et al (1989). Tumor regression is analyzed as described in Weichselbaum et al 
(1994). 

The doses of radiolabeled glycyrrhizin or glycyrrhizin-selected agent conjugates for use 
1 5 in human diagnosis or treatment protocols are contemplated to be within the range of the doses 
previously employed with glycyrrhizin in non-radiation methods. For example, Soma et al 
(1994) described the effect of glycyrrhizin on Cortisol metabolism, in which 225 mg/day of 
glycyrrhizin was given for seven consecutive days. 

Okunu et al (1994) gave large doses of glycyrrhizin to patients with hepatitis C. The 
20 doses described by Okunu et al (1994) could also be employed in the invention. Numazaki et 
al (1994) gave glycyrrhizin to children with liver dysfunction associated with CMV infection. 
Specifically, 0.2% glycyrrhizin was dissolved in saline to 2 mg/ml, supplemented with glycine 
and cystein and administered intravenously at 50 ml/day for more than one week. This is also 
contemplated effective dosage range for use in this invention. 

25 Akao et al (1 994) gave 100 mk/kg glycyrrhizin orally to rats, when it was found that 

glycyrrhizin itself is poorly absorbed from the gut. This should be taken into account in 
optimizing the appropriate doses of glycyrrhizin and glycyrrhizin-containing formulations. 
Tsai et al (1992) also gave glycyrrhizin at doses of 100 mk/kg. However, it is important to 
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note that Krahenbuhl et al (1994) gave doses of 18p-glycyrrhetic acid, a major metabolite of 
glycyrrhizin, to healthy human volunteers in up to doses or 1500 mg orally. 

EXAMPLE VIII 

P-selectin-Binding Polysaccharides and Glycoproteins 

5 Human protein C also inhibits selectin-mediated cell adhesion. The human 

anticoagulant factor, Protein C, is a unique fucosylated plasma glycoprotein that has reported 
anti-ischemic and anti-inflammatory properties. It has been reported that both human 
plasma-derived and human cell-produced recombinant Protein C inhibit selectin-mediated cell 
adhesion (Grinnell et al, 1994). This effect was reportedly not mediated through the serine 
1 0 protease activity of Protein C, but through its carbohydrates. Using oligosaccharides isolated 
from human cell-produced Protein C, Grinnell et al (1994) defined a polylactosamine 
structural determinant that inhibits adhesion. This uncharged determinant appears to be a more 
potent ligand for selectins than the sialylated Lewis X antigen (Grinnell et al, 1994), and can 
therefore also be used in the present invention to bind to P-selectin. 

15 A 150 kd glycoprotein ligand for E-selectin has also been found on mouse myeloid cells 

(Lenter et al, 1994). In addition, glycoproteins of 230 kd and 130 were identified on mature 
mouse neutrophils that also bound both to E-selectin in a Ca(2+) dependent fashion (Lenter et 
al, 1994), although the signals detected for these ligands were 15-20-fold weaker than those for 
the monospecific ligands. All of these glycoproteins are contemplated for use as P-selectin 

20 binding ligands, as are polysaccharides, such as polylactosamine. 

EXAMPLE IX 

Liposomes as Agents for P-selectin Delivery 

Oligosaccharides, polysaccharides or glycolipids may be used alone as the targeting 
component of a drug delivery agent, or may be formulated into liposomes, or attached to a 
25 liposome, resulting in a liposomal targeting and delivery agent. 

Cells are irradiated with 50, 100, or 200 cGy, Thirty minutes following irradiation, cells 
are transfected with LacZ expression vectors using, e.g., a sialyl Lewis X-DOTMA conjugate or 
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a anti-P-selectin-DOTMA conjugate. The optimal time for exposure of cells to Lipofectin is 
about 6 h. Therefore, following irradiation, cells are exposed to sialyl Lewis X-DOTMA 
conjugate for 2, 4, 6, or 8 h to determine which time period is optimal for reducing the 
transfection time. Controls include irradiated cells transfected with Lipofectin and unirradiated 
cells transfected with sialyl Lewis X-DOTMA conjugate. LacZ encodes P-galactosidase and 
this enzyme is quantified as previously described by Hallahan et al (1992). 

Naturally, in addition to oligosaccharides, polysaccharides and glycolipids, any other 
P-selectin targeting agent could be formulated into a liposome preparation and used for delivery 
and targeting. The liposomes may contain any selected agent, whether in the form of a gene 
therapy agent, a protein, toxin, radionuclide and the like. 

Liposome formulations particularly contemplated for use include DOTMA, 
DOTMA/DOPE and DORIE. However, virtually any liposome that binds to P-selectin may be 
employed. Liposomes and nanoparticles are known to be safe for human administration. For 
example, they have been used in the targeted antibiotic therapy of intracellular bacterial 
infections and diseases as they can generally entrap, and then liberate antibiotics such as 
ampicillin in a stable and reproducible way (Henry-Michelland et al , 1 987). 

Further liposome formulations contemplated for use in the present invention include 
cationic liposomes. Trubetskoy et al (1992) showed that cationic liposomes enhanced targeted 
delivery and expression of exogenous DNA mediated by N-terminal modified poly- 
L-lysine-antibody conjugate in mouse lung endothelial cells. DNA:antibody conjugates and 
cationic liposomes form a ternary electrostatic complex which preserves the ability to bind 
specifically to the target cells. The addition of liposomes has been reported to enhance the 
specific transfection efficiency of antibody-polylysine/DNA binary complex by 1 0 to 20-fold in 
mouse lung endothelial cells in culture (Trubetskoy et al y 1992). The utilization of these types 
of methods, following P-selectin radioinduction as provided by this invention, is contemplated 
to be particularly useful. 

Liposomes may also be used in conjunction with anti-P-selectin antibodies, as described 
by Klibanov et al (1991). Such liposomes coupled to monoclonal antibodies, termed 
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"immunoliposomes", have been reported to show specific localization in vivo Klibanov et al. 
(1991). This will provide an added advantage when used with the present invention, in which 
specific P-selectin would have previously been induced. Liposomes made by conjugating a 
targeting antibody directly to the liposome surface were also reported to be efficiently 
5 internalized and retained in studies by Matthay et al (1 989). 

To avoid side effects due to intracellular polymeric overloading, ultrafine particles 
(sized around 0.1 \xm) may be designed using polymers able to be degraded in vivo. 
Biodegradable polyalkyl-cyanoacrylate nanoparticles that meet these requirements may be 
used. They are easily made, as described by Couvreur et al (1984, U.S. Patent 4,489,555; 
10 1 988). More recently, liposomes were developed with improved serum stability and circulation 
half-times (Gabizon and Papahadjopoulos, 1988; Allen and Choun, 1987). 

Liposomes are formed from phospholipids that are dispersed in an aqueous medium and 
spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar 
vesicles (MLVs). MLVs generally have diameters of from 25 nm to 4 \xm. Sonication of 
1 5 MLVs results in the formation of small unilamellar vesicles (SUVs) with diameters in the range 
of 200 to 500 A, containing an aqueous solution in the core. 

Liposomes bear many resemblances to cellular membranes and are contemplated for use 
in connection with the present invention as carriers for the second agents and/or genes. They 
are widely suitable as both water- and lipid-soluble substances can be entrapped, i.e. , in the 
20 aqueous spaces and within the bilayer itself, respectively. It is possible that drug-bearing and 
gene-bearing liposomes may even be employed together for site-specific delivery of active 
agents to P-selectin expressing cells. 

Liposomes have been used to transfect syngeneic tumors cells in vivo following 
irradiation of human tumor xenografts and syngeneic tumor models, so their safety has been 
25 established. Pro4L murine fibrosarcoma is a syngeneic tumor model that has been used. 

Tumor cells are injected subcutaneously into the hind limb of mice. Tumors are grown to 160 
mm 3 . Liposomes containing pE-sel-TNF are injected directly into tumors or administered 
systemically. Tumors are irradiated (10 Gy) 24 h after liposome injection. TNF is quantified 
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from excised tumors as described by Weichselbaum et al (1994), and tumor control is 
quantified as described by Weichselbaum et al (1994). 

The above model can be easily adapted for use in the present invention. Liposomes are 
used to transfect tumor vasculature endothelial cells in vivo, following initial irradiation of the 
5 tumor to translocate P-selectin. After irradiation and P-selectin translocation, liposomes are 
injected directly into tumors, directed to the tumor site using a catheter, or administered to the 
animal systemically. The use of iridium wire in blood vessels to control vascular gene therapy 
in a site directed manner is also contemplated. Tumors are then irradiated again (10 Gy) 24 h 
after liposome injection and TNF and tumor regression is quantified. 

0 The use of liposomes in gene transfer has been established to be safe. For example, 

Caplen et al (1995) used liposomes to transfer the CFTR gene to the nasal epithelium to 
patients with cystic fibrosis. If delivery to the nasal epithelium was specifically desired, the 
techniques of Caplen et al (1995) could be followed, after local irradiation to translocate 
P-selectin. 

5 The use of antitumor drugs housed within liposomes conjugated with anti-tumor 

antibodies has also been described (Konno etal, 1987; Betageri et al, 1993). These methods 
for the immunospecific delivery of drugs and other materials to antigenic target cells can be 
adapted for use in this invention. 

EXAMPLE X 

-° Cells that Bind to P-selcctf n 

Targeting leukocytes containing therapeutic genes, or other selected agents, to tumor 
vasculature is another element of this invention. P-selectin and E-selectin bind essentially the 
same cellular ligand, and hence, the same cells. 



25 



Both neutrophils and eosinophils have been shown to bind to the inducible endothelial 
cell adhesion molecule E-selectin. Counter ligands on eosinophils for E-selectin. have been 
identified as sialyl dimeric Le(x) compounds (Bochner et al, 1994). It has also been 
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demonstrated that human CD56+CD16+/CD3-NK cells adhere to the E-selectin expressed by 
stimulated HUVEC in a sialidase-and Ca(2+)-dependent manner (Pinola et al, 1994). 

Norton et al (1993) and Lo et al (1994) also showed that human neutrophils bind to 
E-selectin. Wakita et al. (1994) demonstrated that E-selectin is the critical adhesion molecule 
5 for trafficking of memory T cells into certain skin lesions. Olofsson et al (1994) also showed 
that E-selectin mediates leukocyte rolling in interleukin-l-treated rabbit mesentery venules. 

A subset of human helper memory T cells is known to adhere to E-selectin expressed on 
cytokine-activated endothelial cells. A distinct type of sialyl Lewis X antigen, defined by a 
novel monoclonal antibody, has been shown to be selectively expressed on helper memory T 
10 cells (Ohmori et al, 1993). Of the various molecular species of sialyl Lex antigens present on 
carbohydrate side chains of cellular glycoproteins, it has been reported that helper memory T 
cells express a distinct type of sialyl Lex antigen. Cultured ATL cells expressing the 
2F3-defined antigen showed a clear E-selectin-dependent adhesion to cytokine-activated 
endothelial cells (Ohmori et al, 1993). 

15 These studies of Weichselbaum et al (1994) can be adapted for use in the present 

invention by irradiating the tumor site first to induce P-selectin translocation. This new 
P-selectin-mediated therapy is thus contemplated to enhance tumor targeting in vasculature 
without increasing normal tissue toxicity, particularly when used with gene therapy. 

Transfected TIL cells have been used to treat cancer (Hwu et al, 1993). These authors 
20 showed that TNF is effective in causing the regression of selected murine tumors when 
administered at high concentrations. Therapeutic levels in humans cannot be obtained 
systemically, however, because of dose-limiting toxicity. The development of immunotherapy 
with IL-2 and tumor-infiltrating lymphocytes (TIL), which can accumulate at tumor sites in 
some patients, and of efficient retroviral techniques for gene transfer into eukaryotic cells has 
25 allowed new therapeutic approaches using TNF. 

Hwu et al (1993) retrovirally transduced human TIL with the gene for TNF in an 
attempt to deliver high concentrations of TNF to the tumor site without dose-limiting systemic 
toxicity. Successful gene insertion was confirmed and transduced selected TIL cultures 
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produced greater amounts of TNF, compared with nontransduced controls. In an attempt to 
increase TNF production, TIL were transduced with a mutated form of TNF containing the 
IFN- y signal peptide in place of the transmembranous region, to enhance secretion into the 
endoplasmic reticulum. 

5 More specifically, Hwu et al (1993) used the following methods. TIL were derived 

from enzymatically digested tumor biopsies as well known in the art. Briefly, melanoma tumor 
biopsies were digested overnight with collagenase type IV (1 |ig/ml), hyaluronidase (0. 1 
Hg/ml), and DNase {30 U/ml) (Sigma Chemical Co., St. Louis, MO). After digestion, the 
single-cell suspensions were passed through a sterile wire screen grid and subjected to 
1 0 Ficoll-Hypaque separation to remove dead cells and RBC. 

TIL cell cultures were established at 5.0 x 10 5 cells/ml in 24- well sterile tissue culture 
plates, in medium consisting of RPMI 1640 supplemented with 10% human A serum 
(Bio-Whitaker, Walkersville, MD). This medium was mixed 1:1 (v/v) with AIM V serum-free 
medium (GIBCO, Grand Island, NY) and was further supplemented with gentamicin sulfate (10 
1 5 ng/ml), penicillin G sodium (10,000 U/ml), glutamine (200 mM) (all from GIBCO), 7200 
IU/ml IL-2 (Cetus, Emeryville, CA), and 10% (v/v) lymphokinc-actiyated killer 
cell-conditioned supernatant. 

Because TIL can double every 2 to 4 days, TIL densities were maintained at 5.0 x 1 0 5 
by splitting cultures every 3 to 5 days with fresh medium containing IL-2 and passaging cells to 
20 larger cell culture plates (six-well) when required. When TIL reached greater than 2 x 10 8 in 
number, they were cultured i AIM V serum-free medium alone containing 6000 IU/ml IL-2. 
The culture vessels used for large-scale expansion were gas-permeable PL732 3-liter plastic 
bags (Fenwal, Deerfield, IL). 

The methods described by Hwu et al (1993) can be adapted for use in the present 
25 invention with the added advantage that by irradiating the tumor site first, P-selectin 

translocation will be induced, allowing for enhanced targeting. Transfected TIL cells are 
injected as described by Hwu et al (1993)-4 h after P-selectin translocation by irradiation of 
tumors. Lymphocytes will bind to P-selectin. 



WO 98/53852 



PCTAJS98/10913 



-90- 
EXAMPLE XI 

Cellular Ligands that Bind to P-selectin 

Distinct cell surface ligands mediate T lymphocyte attachment and rolling on selectins 
under physiological flow (Alon et al y 1994). Such antigens can be used in conjunction with the 
5 present invention. 

The HECA-452 antigen is a homing receptor for lymphocyte migration into skin. 
HECA-452 was later identified as a group of related sugar moieties that bind to E-selectin. 
Direct evidence has been reported to show that the antigen recognized by HECA-452 is 
involved in the adhesion of leukocytes to endothelial cells, and that this antigenic epitope is 
10 different from that reactive to the sialylated Lewis X antigen (De Boer et al, 1994). The 
HECA-452 antigen can also be used in conjunction with the present invention. 

The ligand L-CanAg (light cancer antigen), secreted by a colon carcinoma cell line 
COLO 205, may also be used in certain selected binding embodiments (Zhang et a/., 1994), 
particularly those in vitro assays, such as conducted on biopsy material. 



15 EXAMPLE XII 

Vectors and Gene Therapy Following P-selectin Translocation 

The field of gene transfer into vascular cells is emerging as a new approach for studying 
the pathophysiology of vascular disease and for developing potential new genetic treatments for 
these disorders (Nabel et al, 1994). P-selectin-mediated control of vascular gene therapy forms 
20 another aspect of the present invention. The text and figures of Nabel et al (1 994) and 

Gutierrez et al. (1992) are incorporated herein by reference for the purposes of even further 
supplementing the present disclosure in terms of describing gene transfer strategies and vectors, 
genes and antisense oligonucleotides, drugs, viral vectors, liposomes, animal models of 
vascular gene transfer, normal tissue protection, and the like. — 

25 Recombinant vectors capable of expressing a protein in vascular endothelial cells will 

be targeted to such cells using an P-selectin binding moiety. The vectors may have an ionizing 
radiation-inducible promoter that directs the expression of the protein, in which case, a 
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subsequent round of irradiation will induce expression of the encoded protein in the cells. 
Effective ionizing radiation-inducible promoters include the CArG domain of the Egr-J 
promoter, thenar promoter, the c-jun promoter and the TNF-a promoter. 

The vectors will generally direct the expression of an anticellular agent capable of 
killing or suppressing the growth or cell division of tumor-associated endothelial cells. One 
group of such anticellular agents are the tumor suppressor proteins, such as p53, pl6 (Kamb et 
al. y 1994), proteins produced in response to p53, the retinoblastoma gene product (Rb), the 
Wilms 1 tumor gene product (WT1), and certain cyclins (Marx, 1994). In addition, further tumor 
suppressors include APC, DCC, NF-1, NF-2, MEN-I, MEN-II, BRCA1, VHL, FCC and MCC. 

The protein p53, a 53 kd nuclear phosphoprotein that controls cell proliferation, is one 
example of a tumor suppressor. The p53 protein is highly conserved through evolution and is 
expressed in most normal tissues. Point mutations in the p53 gene and allele loss on 
chromosome 17p, where the p53 gene is located, are among the most frequent alterations 
identified in human malignancies. Even single base substitution in p53 can result in p53 
proteins with altered growth regulatory properties, which leads to cancer. 

The p53 gene has been found to be the most frequently mutated gene in common human 
cancers (Hollstein et aL, 1991; Weinberg, 1991), and is particularly associated with those 
cancers linked to cigarette smoke (Hollstein et al, 1991). The over-expression of mutated p53 
in breast tumors has also been documented (Casey et al, 1991). Transfection of wild-type p53 
into certain types of breast and lung cancer cells can restore growth suppression control in cell 
lines. 

Although the present invention concerns targeting to tumor vasculature endothelial 
cells, the delivery of a tumor suppressor gene, such as p53, to the cancer environment using this 
invention is contemplated to be useful. Supplying the normal tumor suppressor proteins may 
serve to suppress the growth of the endothelial cells, and may even act on certain tumor cells 
themselves, following uptake into tumor cells in the vicinity of the blood vessels. In a similar 
manner, supplying antisense constructs of certain oncogenes is also contemplated. Exemplary 
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oncogenes that are appropriate targets for antisense constructs include ras, myc t neu, raf erb t 
src f fins t jun. trk f ret, gsp, hst, bcl and abl 

Vectors expressing chemotherapeutic agents and toxins are further examples of 
anticellular agents capable of killing or suppressing the cell growth or division of 
5 tumor-associated endothelial cells. Exemplary chemotherapeutic agents include IFNs, TNF-a 
and IL-12. Exemplary cytotoxic agents include mammalian cell-, plant-, fungus- and 
bacterial-derived toxins, such as diphtheria toxin, Pseudomonas exotoxin, ricin A chain and 
deglycosylated ricin A chain. All such chemotherapeutic agents and toxic agents may be used 
in connection with the present invention. 

10 The vectors may also be used to express an enzyme capable of converting a non-toxic 

pro-drug into a cytotoxic drug. Examples of this are the herpes simplex virus (HSV) thymidine 
kinase (tk) enzyme and the cytosine deaminase enzyme. 

The vectors may be plasmids, retroviral vectors in recombinant retroviruses, 
adeno-associated virus (AAV) vectors in AAV virions, adenoviral vectors in 
15 replication-deficient adenovirus, and the like. Recombinant vectors may also be included 

within cells or liposomes. Targeting may be facilitated using a bispecific antibody directed to 
the virus, on one had, and P-selectin on the other. 



EXAMPLE XHI 

Pharmaceutical Compositions and Delivery 

Aqueous compositions of the present invention comprise an effective amount of the 
P-selectin-targeting agentrselected agent conjugate dissolved or dispersed in a pharmaceutical^ 
acceptable carrier or aqueous medium. The phrases "pharmaceutical^ or pharmacologically 
acceptable" refer to molecular entities and compositions that do not produce an adverse, allergic 
or other untoward reaction when administered to an animal, or a human, as appropriate. 

As used herein, "pharmaceutical^ acceptable carrier" includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying 
agents and the like. The use of such media and agents for pharmaceutical active substances is 
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well known in the art. Except insofar as any conventional media or agent is incompatible with 
the active ingredient, its use in the therapeutic compositions is contemplated. Supplementary 
active ingredients can also be incorporated into the compositions. 

In addition to the compounds formulated for parenteral administration, such as 
5 intravenous or intramuscular injection, other pharmaceutically acceptable forms include, e.g., 
tablets or other solids for oral administration; time release capsules; and any other form 
currently used, including cremes and lotions, and even mouthwashes, inhalants and the like. 

To formulate the compounds or cells for parenteral administration, e.g., for injection via 
the intravenous, intramuscular or sub-cutaneous routes, typically, such compositions will be 
10 prepared as injectables, either as liquid solutions or suspensions; solid forms suitable for using 
to prepare solutions or suspensions upon the addition of a liquid prior to injection; or as 
emulsified preparations. 

Solutions of the P-selectin-based active compounds as free base or pharmacologically 
acceptable salts can be prepared in water suitably mixed with a surfactant, such as 
1 5 hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid polyethylene 
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these 
preparations contain a preservative to prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or 
dispersions; formulations including sesame oil, peanut oil or aqueous propylene glycol; and 
20 sterile powders for the extemporaneous preparation of sterile injectable solutions or dispersions. 
In all cases the form must be sterile and must be fluid to the extent that easy syringability 
exists. It must be stable under the conditions of manufacture and storage and must be preserved 
against the contaminating action of microorganisms, such as bacteria and fungi. 

Anti-P-selectin antibodies and saccharides and conjugates thereof can be formulated 
25 into a composition in a neutral or salt form. Pharmaceutically acceptable salts, include the acid 
addition salts (formed with the free amino groups of the protein) and which are formed with 
inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids as 
acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups can 
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also be derived from inorganic bases such as, for example, sodium, potassium, ammonium, 
calcium, or ferric hydroxides, and such organic bases as isopropylamine, trimethylamine, 
histidine, procaine and the like. 

The carrier can also be a solvent or dispersion medium containing, for example, water, 
ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and 
the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, 
for example, by the use of a coating, such as lecithin, by the maintenance of the required 
particle size in the case of dispersion and by the use of surfactants. The prevention of the action 
of microorganisms can be brought about by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, sugars or sodium chloride. 
Prolonged absorption of the injectable compositions can be brought about by the use in the 
compositions of agents delaying absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active compounds in the 
required amount in the appropriate solvent with various of the other ingredients enumerated 
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredients into a sterile vehicle which contains the 
basic dispersion medium and the required other ingredients from those enumerated above. In 
the case of sterile powders for the preparation of sterile injectable solutions, the preferred 
methods of preparation are vacuum-drying and freeze-drying techniques which yield a powder 
of the active ingredient plus any additional desired ingredient from a previously sterile-filtered 
solution thereof. 

Upon formulation, solutions will be administered in a manner compatible with the 
dosage formulation and in such amount as is therapeutically effective. The formulations are 
easily administered in a variety of dosage forms, such as the type of injectable solutions 
described above, but drug release capsules and the like can also be employed. 

For parenteral administration in an aqueous solution, for example, the solution should 
be suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient 
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saline or glucose. These particular aqueous solutions are especially suitable for intravenous, 
intramuscular, subcutaneous and intraperitoneal administration. In this connection, sterile 
aqueous media which can be employed will be known to those of skill in the art in light of the 
present disclosure. For example, one dosage could be dissolved in 1 mL of isotonic NaCl 
5 solution and either added to 1000 mL of hypodermoclysis fluid or injected at the proposed site 
of infusion, (see for example, "Remington's Pharmaceutical Sciences" 15th Edition, pages 
1035-1038 and 1570-1580). Some variation in dosage will necessarily occur depending on the 
condition of the subject being treated. The person responsible for administration will, in any 
event, determine the appropriate dose for the individual subject. 

10 The preparation of more, or highly, concentrated solutions for intramuscular injection is 

also contemplated where necessary. In this regard, the use of DMSO as solvent is contemplated 
as this will result in extremely rapid penetration, delivering high concentrations of the active 
agents to a small area. Therapeutic formulations in accordance with the present invention may 
also be reconstituted in the form of mouthwashes, in conjunction with antifungal reagents. 

15 Inhalant forms are also envisioned, which again, may contain the active agents alone, or in 
conjunction with other agents, such as, e.g., pentamidine. 

The therapeutic formulations of the invention may also be prepared in forms suitable for 
topical administration, such as in cremes and lotions. These forms are envisioned to be 
particularly suitable for additionally treating radiation induced dermatitis. The preparation of 

20 oleaginous or water-soluble ointment bases is also well known to those in the art. For example, 
these compositions may include vegetable oils, animal fats, and more preferably, semisolid 
hydrocarbons obtained from petroleum. Particular components used may include white 
ointment, yellow ointment, cetyl esters wax, oleic acid, olive oil, paraffin, petrolatum, white 
petrolatum, spermaceti, starch glycerite, white wax, yellow wax, lanolin, anhydrous lanolin and 

25 glyceryl monostearate. Various water-soluble ointment bases may also be used, including 

glycol ethers and derivatives, polyethylene glycols, polyoxyl 40 stearate and polysorbates. Even 
delivery through the skin may be employed if desired, e.g., by using transdermal patches, 
iontophoresis or electrotransport. 
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The P-selectin-directed agents of the invention may also be advantageously employed 
for the preparation of ophthalmic solutions. Thus, for these embodiments, a conjugate or active 
composition of the invention would be administered to the eye of the subject in need of 
treatment in the form of an ophthalmic preparation prepared in accordance with conventional 
5 pharmaceutical practice, see for example "Remington's Pharmaceutical Sciences" 15th Edition, 
pages 1488 to 1501 (Mack Publishing Co., Easton, PA). 

The ophthalmic preparation will generally contain active agents in a concentration from 
about 0.01 to about 1% by weight, preferably from about 0.05 to about 0.5% in a 
pharmaceutically acceptable solution, suspension or ointment. Some variation in concentration 

10 will necessarily occur, depending on the particular compou nd employed, the condition of the 
subject to be treated and the like, and the person responsible for treatment will determine the 
most suitable concentration for the individual subject. The ophthalmic preparation will 
preferably be in the form of a sterile aqueous solution containing, if desired, additional 
ingredients, for example preservatives, buffers, tonicity agents, antioxidants and stabilizers, 

15 nonionic wetting or clarifying agents, viscosity-increasing agents and the like. Suitable 

preservatives for use in such a solution include benzalkonium chloride, benzethonium chloride, 
chlorobutanol, thimerosal and the like. Suitable buffers include boric acid, sodium and 
potassium bicarbonate, sodium and potassium borates, sodium and potassium carbonate, 
sodium acetate, sodium biphosphate and the like, in amounts sufficient to maintain the pH at 

20 between about pH 6 and pH 8, and preferably, between about pH 7 and pH 7.5. Suitable 
tonicity agents are dextran 40, dextran 70, dextrose, glycerin, potassium chloride, 
propyleneglycol, sodium chloride, and the like, such that the sodium chloride equivalent of the 
ophthalmic solution is in the range 0.9 plus or minus 0.2%. Suitable antioxidants and stabilizers 
include sodium bisulfite, sodium metabisulfite, sodium thiosulfite, thiourea and the like. 

25 Suitable wetting and clarifying agents include polysorbate 80, polysorbate 20, poloxamer 282 
and tyloxapol. Suitable viscosity-increasing agents include dextran 40, dextran 70, gelatin, 
glycerin, hydroxyethylcellulose, hydroxmethylpropylcellulose, lanolin, methylcellulose, 
petrolatum, polyethylene glycol, polyvinyl alcohol, polyvinylpyrrolidone, 
carboxymethylcellulose and the like. 
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The ophthalmic preparation will be administered topically to the eye of the subject in 
need of treatment by conventional methods, for example in the form of drops or by bathing the 
eye in the ophthalmic solution. 

In certain embodiments, active compounds may be administered orally. This is 
5 contemplated for agents that are generally resistant, or have been rendered resistant, to 

proteolysis by digestive enzymes. Such compounds are contemplated to include chemically 
designed or modified agents; dextrorotatory peptidyl agents, e.g., as may used in combination 
with other E-selectin binding agents; and peptide and liposomal formulations in time release 
capsules to avoid peptidase and lipase degradation. 

10 For oral administration, the active compounds may be administered, for example, with 

an inert diluent or with an assimilable edible carrier, or they may be enclosed in hard or soft 
shell gelatin capsule, or compressed into tablets, or incorporated directly with the food of the 
diet. For oral therapeutic administration, the active compounds may be incorporated with 
excipients and used in the form of ingestible tablets, buccal tables, troches, capsules, elixirs, 

15 suspensions, syrups, wafers, and the like. Such compositions and preparations should contain at 
least 0.1% of active compound. The percentage of the compositions and preparations may, of 
course, be varied and may conveniently be between about 2 to about 60% of the weight of the 
unit. The amount of active compounds in such therapeutically useful compositions is such that 
a suitable dosage will be obtained. 

20 The tablets, troches, pills, capsules and the like may also contain the following: a 

binder, as gum tragacanth, acacia, cornstarch, or gelatin; excipients, such as dicalcium 
phosphate; a disintegrating agent, such as corn starch, potato starch, alginic acid and the like; a 
lubricant, such as magnesium stearate; and a sweetening agent, such as sucrose, lactose or 
saccharin may be added or a flavoring agent, such as peppermint, oil of wintergreen, or cherry 

25 flavoring. When the dosage unit form is a capsule, it may contain, in addition to materials of the 
above type, a liquid carrier. Various other materials may be present as coatings or to otherwise 
modify the physical form of the dosage unit. For instance, tablets, pills, or capsules may be 
coated with shellac, sugar or both. A syrup of elixir may contain the active compounds sucrose 
as a sweetening agent methyl and propylparabens as preservatives, a dye and flavoring, such as 
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cherry or orange flavor. Of course, any material used in preparing any dosage unit form should 
be pharmaceutical^ pure and substantially non-toxic in the amounts employed. In addition, the 
active compounds may be incorporated into sustained-release preparation and formulations. 

EXAMPLE XIV 

Determining the Level of Radiation Exposure 

Anti-P-selectin can be used to visualize any vasculature following irradiation. This will 
be used for diagnostic radiology such as SPEC scanning. 

Again, although the present invention provides a surprising use of P-selectin, in that it is 
to be specifically induced using radiation, other methods are available that can now be used in 
conjunction with the invention. In that the present methods for determining the level of 
radiation exposure are generally based upon determining the levels of P-selectin in exposed 
animals or patients, previously described methods for quantifying P-selectin are envisioned to 
be particularly useful. 

This approach will follow that of Keelan et al (1 994b) who assessed the imaging 
potential of an anti-E-selectin Mab 1.2B6 in a model of arthritis in the pig. Injection of 
phytohaemagglutinin (PHA) into a knee led to E-selectin expression on vessels in the synovium 
and draining deep inguinal lymph nodes, as demonstrated by immunohistology. No E-selectin 
expression was seen in the control knee injected with buffer alone. Animals were given 1 1 lln- 
Mab 1 .2B6 or 1 1 lln-control antibody intravenously 3 hr after the intra-articular injection of 
PHA. Scintigraphy performed 24 hr after 1 1 lln-Mab 1.2B6 injection showed obvious 
localization of activity in the inflamed knee in each of three animals. Radiolabeled anti-E- 
selectin Mab was thus successfully used to image localized inflammatory tissues (Keelan et al, 
1994b). 

This approaches of Keelan et al. (1994a;b) to quantify changes in vascular luminal 
expression of E-selectin in models of inflammation and arthritis is considered as a suitable 
model for adaptation for analyzing P-selectin changes in relation to radiation treatment or 
damage. 
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Chapman et al (1994) described the non-invasive imaging of E-selectin expression by 
activated endothelium in urate crystal-induced arthritis. In this study, they assessed the 
expression of E-selectin during the evolution of urate crystal-induced arthritis, using a 
radiolabeled MAb imaging technique. Monosodium urate (MSU) crystals and saline alone 
5 were injected respectively into the right (inflamed) and left. This format also could be 
employed here. 

The Gosset et al. (1995) method is another method that could be employed using the 
invention. Biopsies would be obtained from patients after radiation and the selectin level 
determined to give an indication of radiation exposure. 



10 EXAMPLE XV 

Treating and Preventing Radiation Damage 
This invention also provides compositions and methods for use in preventing or treating 
radiation-induced inflammation using P-selectin-based therapeutics, in the absence or presence 
of a second selected agent. The principle behind this method is to administer an agent to the 
1 5 site of irradiation that will bind to P-selectin and interfere with P-selectin's interaction with 
inflammatory cells such as leukocytes. Secondary agents may be included with the P-selectin 
binding agent. Such agents are those known to the skilled artisan to reduce inflammation, 
including any class of anti-inflammatory compound. 

Human leukemia cell line HL60 has been used to quantify leukocyte adhesion to 
20 endothelial cells (Jones et al, 1995). HL60 cells were added to human umbilical vein in 

endothelial cells (HUVECs) after exposure to 10 Gy or cells treated with otherwise identical 
conditions without irradiation. Cultures were washed and cells were counted using a 
hemocytometer. Consecutive cell washes of culture revealed increased binding of HL60 cells 
at 4 h after irradiation as compared to untreated controls. Glycyrrhizin, carminic acid or sialyl 
25 Lewis X (1 mM each, SIGMA) were added to irradiated cells at 4 h after irradiation and 30 min 
prior to the addition of HL60 cells. Each agent blocked the adherence of HL60 cells to 
irradiated HUVECs. 
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Radiation is known to induce pneumonitis, cystitis, mucositis, esophagitis, dermatitis, 
neutrophilic vasculitis, acute pulmonary radiation injury and interstitial inflammation (Slauson 
et al, 1976; Dunn et al, 1986; Ward et al, 1993; Narayan, 1982; Fajardo and Berthrong, 1988; 
Hopewell et al, 1993), each of which can be treated using this invention. Animal models are 
5 also available for studying radiation-induced diseases, e.g., as described by Ward et al. (1993) 
for the study of radiation-induced pulmonary edema, alveolitis and fibrosis. Such models are 
intended for use in optimizing appropriate doses. 

Following approval by the FDA, glycyrrhizin, carminic acid, sialyl Lewis X, a sialyl 
Lewis X/A mimic, or other signaling inhibitors, are to be used in phase I trials in patients 

1 0 undergoing radiotherapy. Glycyrrhizin is used as an antiinflammatory agent in Asia (Kanoka et 
al, 1990; Narasinga Rao et al, 1994), and so is safe for clinical use. These P-selectin-binding 
agents will be administered to patients receiving radiation therapy as topical pharmaceuticals in 
water based creams as treatment for radiation dermatitis. The advantage of these agents over 
glucocorticoid creams is that glucocorticoids slow would healing and re-epithelialization 

15 (Fajardo and Berthrong, 1988). After efficacy is demonstrated, these agents will be used as 
intravenous injections and oral preparations in phase I dose escalation trials to treat severe 
radiation inflammation, such as in the lung and pericardium. 

It is interesting to note that Silber et al (1994) showed that intravenous infusions of 
neutralizing doses of F(ab')2 fragments of murine antibodies to E-selectin during the early 

20 inductive phases of delayed hypersensitivity (DHR) resulted in IgG localization to dermal 
endothelium. The relative numbers of lymphocytes localized to the inflammatory site were 
significantly reduced in DHR modified with infusions of antibodies to E-selectin, while the 
numbers of lymphocytes recruited to skin in the animal given F(ab')2 fragments of an irrelevant 
murine monoclonal antibody of the same isotype and at the same dose were not changed (Silber 

25 et al (1994). A similar approach is to be employed with P-selectin. 



WO 98/53852 PCT/US98/10913 

-101- 
EXAMPLE XVI 

P-sclectin translocation to the lumen of irradiated blood vessels is microtubule-dependent 

In the present study, the inventors investigated the role of a cell adhesion molecule that 
is preformed and is activated rapidly without the need for transcription. P-selectin is such a cell 
5 adhesion molecule that is preformed in membranous organelles within the vascular endothelium 
and is rapidly translocated to the vascular lumen. The inventors utilized ionizing radiation to 
localize the external stimulus to specific organs or blood vessels. X-rays are tissue penetrating 
and allow precise localization of oxidative injury to a small segment of an organ. 

To determine whether radiation-induced P-selectin translocation was specific for 
10 vascular endothelium in v/vo, the inventors irradiated primary-culture HUVECs. Human 

umbilical vein endothelial cell (HUVEC) cultures were prepared from fresh (24-hr-old) human 
umbilical veins transported to the laboratory in sterile buffer at 4°C as described (Hallahan 
et al 9 1995; Hallahan et aL, 1996). The vein was cannulated, filled with 0.2% collagenase, and 
incubated at 37°C for 15 min. Cells were flushed and complete medium was added, followed 
15 by centrifugation at 2000 rpm for 5 min. The cell pellet was resuspended and maintained in 
M199 with 10% fetal calf serum, 10% human serum, and pen/strep/amphotericin B solution 
(Sigma) on gelatin-coated (0.2%) tissue culture dishes at 37°C in 5% C0 2 . The purity of 
endothelial cell cultures was verified by staining for factor VIII. Confluent cells were harvested 
with 0.1% collagenase 0.01% EDTA and subcultured at a ratio of 1 :3. HUVECs were used at 
20 third passage; this reduced the number of passenger cells and allowed for uniform expression of 
cellular adhesion molecules. Thrombin was purchased from SIGMA. 

To determine whether microtubules or actin are required for radiation-induced 
exocytosis of P-selectin, the inventors utilized the microtubule depolymerizing agents, 
colcemid and nocodozol, or the actin antagonist cytochalasin-B. Primary-culture vascular 
25 endothelial cells were grown to 80% confluence on glass slides. HUVEC were pretreated with 
these agents for 45 min followed by irradiation. 

Cells were treated with either thrombin or gamma irradiation from a ^CO source 
(Gammacell 220) as the inventors have previously described (Hallahan et aL 9 1995; Hallahan 
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et al, 1996). After treatment, HUVECs were fixed with 4% paraformaldehyde for 10 min at 
room temperature, washed 3 times with antibody buffer (4 gm bovine serum albumin, 0.1 gm 
N a azide, 0.75 gm glycine, and 100 |il PBS) and 2 times in Hanks' salt solution. Non-specific 
binding of antibody was blocked with 50% goat serum for 30 min at 37°C in a humid chamber. 
5 Cells were then washed with antibody buffer and Hanks' salt solution and incubated with 100 
|il of 10 ^ig/ml anti-P-selectin primary antibody (Pharmingen, cat. #09361 A) for 2 to 3 h at 
37°C in a humid chamber. Cells were then washed with antibody buffers and Hanks' solution 
and incubated with 10 \il of a 1 :300 dilution of FITC conjugated goatanti-rabbit IgG (cat. 
#L42001) for 30 min. Cells were washed, counterstained with DAPI, and mounted with 
10 antifade mounting medium. After washings, cells were visualized with a Zeiss 

Photomicroscope III fluorescence microscope for incident-light excitation. Slides were 
mounted and examined for fluorescence and by phase microscopy. 

Using images of cells from a 100X objective using confocal microscopy, the inventors 
measured fluorescence intensity, in pixels, on the cell membrane. Fluorescence intensity was 
15 measured by NIH Image software as described (Hallahan and Virudachalam, 1997). 

Experiments were performed 3 to 4 times. All data were analyzed by use of Statistica for 
Windows software (StatSoft, Inc., Tulsa, OK). 

Immunofluorescent confocal microscopy showed P-selectin translocation to the cell 
membrane of irradiated HUVEC. At 60 min following irradiation, HUVEC treated with 

20 radiation alone showed the "starry sky" pattern of immunofluorescence of P-selectin on the cell 
membrane. The microtubule depolymerizing agents colcemid and nocodozol inhibited x-ray 
induced translocation of P-selectin and showed P-selectin localized to cytoplasmic storage 
reservoirs in a pattern similar to untreated control. HUVEC were pretreated with buffer alone, 
colcemid or nocodozol. Immunofluorescence of anti-P-selectin antibody staining was 

25 performed 60 minutes after x-irradiation of HUVEC. Conversely, cells pretreated with 
cytochalasin-B showed no inhibition of P-selectin translocation (FIG. 2). Localization of 
P-selectin on the cell membrane was quantified by use of immunofluorescence confocal 
microscopy, which was quantified by NIH Image software. This showed an 8-fold increase in 
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P-selectin immunofluorescence on the cell surface, which was abrogated by Colcemid and 
nocodozol, but not the actin antagonist cytochalasin-B (FIG. 2). 

Immunofluorescence microscopy allowed the visualization of P-selectin in endothelial 
cells. P-selectin was compartmentalized in Weibel-Palade bodies, which underwent membrane 
5 transport to the cell membrane after exposure to ionizing radiation. Prior to irradiation, 

P-selectin was localized to storage reservoirs within the cytoplasm of endothelial cells. At 15 
min after irradiation (2 Gy), WPB began translocation to the cell membrane. Translocation of 
P-selectin to the cell membrane was complete at 30 min after irradiation. P-selectin remained 
tethered to the cell membranes at 60 min after exposure to 2 Gy and P-selectin 
1 0 immunofluorescence stained in a starry sky pattern. The increased intensity of 

immunofluorescence after exocytosis may be due to increased accessibility of epitopes once 
P-selectin is translocated to the cell membrane. HUVECs were treated with 2 Gy and fixed at 0 
min, 30 min and 60 min. 

To determine whether radiation-induced P-selectin translocation is dose-dependent, the 
1 5 inventors treated HUVEC with 1 , 2, and 5 Gy . Confocal microscopy was used to measure 

immunofluorescence on the cell surface, which was quantified by NIH Image software (FIG. 3). 
There was minimal WPB exocytosis in response to 1 Gy, but the inventors found that 2 Gy was 
sufficient to induce P-selectin translocation to the cell membrane of endothelial cells. Higher 
doses induced no more rapid or efficient translocation than 2 Gy, indicating that there is no 
20 dose dependence in x-ray-induced P-selectin translocation. 

To determine whether radiation induces P-selectin secretion, the inventors measured 
P-selectin in the medium of endothelial cell cultures by use of ELISA. HUVEC were grown in 
60 mm plates and x-irradiated with 2, 5 and 10 Gy using the maxitron x-ray generator. At 1, 2, 
4, 6, and 24 h after irradiation, medium from irradiated cells was sampled and placed into 
25 ELISA wells (R&D Systems). Assays were performed 3 to 4 times and mean and standard 
error of the mean were measured. Medium from untreated HUVECs had no measurable 
P-selectin levels. After irradiation, there was no increase in P-selectin within the medium. 
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To determine whether P-selectin is released from irradiated tissues, the inventors 
measured P-selectin in the serum of mice treated with total body irradiation. There was no 
increase in serum P-selectin after exposure to 2, 5 or 10 Gy. 

The mechanisms of WPB translocation have not been well characterized. Disruption of 
5 microtubules by colchicine attenuates vWF secretion from thrombin-treated endothelial cells. 
This finding suggests that WPB translocation is microtubuie-dependent. Several mechanisms 
of transport of membranous organelles have been described. Mechanochemical ATPases 
function as motors to move intracellular cargo to the cell membrane (reviewed in Bloom and 
Endow, 1995). These motors include kinesin, dynein, and actin (Goodson et aL, 1997). 
10 Dynein and kinesin are the primary protein motors for transported membranes following 
packaging in the Golgi apparatus (Lafont and Simons, 1996). These protein motors are not 
mutually exclusive, because protein complexes have been shown to be sites of coordination 
between the actin- and microtubuie-dependent motility systems. 

Membranous organelle motility has been studied by both light and electron microscopy 
1 5 and has been shown to be associated with microtubules (Bloom and Endow, 1 995). Movement 
along microtubules requires ATP. and is inhibited by the ATP analogue AMP-PNP (Lasek and 
Brady, 1985). The mechanochemical cycle for force during organelle mobility is dependent 
primarily upon kinesin, which is an ATPase. Kinesin is localized to the membranous portion of 
intracellular organelles within human neutrophils (Rothwell et aL, 1993). The carboxy- 
20 terminus of kinesin interacts with cytoplasmic microtubules in mammalian cells (Navone et aL , 
1 992). Microinjection of anti-kinesin antibodies prevents the movement of lysosomal tubules 
(Hollenbeck and Swanson, 1990). 

The biological significance of WPB fusion with the cell membrane is that the contents 
include P-selectin, nitric oxide synthase (Fukuda et aL, 1995), vWF (Pinsky et aL, 1996), CD63 
25 (Vischer and Wagner, 1993), and interleukin-8 (IL-8) (Rot, 1992). Each of these components 
may contribute to intercellular signaling from the vascular endothelium to circulating blood 
components, or to adjacent endothelial cells. WPB are translocated to the luminal surface of 
the vascular endothelium following cytokine stimulation. The inventors' data indicate that WPB 
translocate to the vascular lumen within 30 minutes of irradiation. The contents of WPB are 
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released into the vascular lumen or remain tethered to the cell membrane. The importance of 
tethered intercellular signal transduction is that it does not disperse in the circulation, but 
remains localized. Tethered protein and proteoglycan components of WPB, CD63, IL-8 and 
P-selectin, participate in leukocyte recruitment, activation, and extravasation. The inventors 
5 observed that P-selectin was translocated to the blood-tissue interface of the irradiated vascular 
endothelium, where leukocytes were found to adhere to stained P-selectin. P-selectin binds to 
its counterreceptors, carbohydrate ligands and PSGL-1 on leukocytes to activate signal 
transduction within the inflammatory cells (Haller et al, 1997). Monocyte tethering by 
P-selectin activates secretion of monocyte chemotactic protein-1 (MCP-1) and TNF secretion 

10 (Weyrich et al, 1995). P-selectin specifically enhanced nuclear translocation of NFkB in 
monocytes, which is required for MCP-1 and TNF induction (Weyrich et al, 1995; Lorant 
et al, 1991). Tissue factor is also induced within monocytes following this binding to 
P-selectin (Celi et al, 1994). P-selectin activates neutrophils to produce oxygen radicals (Tsuji 
et al, 1994), and it releases proteolytic enzymes and arachidonic acid, resulting in tissue injury 

15 (Lorant et al, 1991). Neutrophils respond with polarization (diapedesis) and increased affinity 
of the integrin CD11/CD18 on the leukocyte for its counterreceptor, ICAM-1, on the 
endothelium (Femadez-Segura et al y 1996; Evangelista et al, 1996; Lo et al, 1991). These 
integrins, in turn, create the firm adhesion required for transendothelial migration. The 
significance of P-selectin activation by ionizing radiation is that this activation is required for 

20 neutrophil-dependent acute lung injury (Mulligan et al, 1992; Mulligan et al, 1993). 
P-selectin knockout mice have marked attenuation of inflammatory emigration from the 
circulation (Mayadas et al , 1 993). 

To determine the radiation-induced P-selectin translocation in animals, C57BL6 Mice 
(Jackson Laboratories,) were irradiated as we have described (Hallahan and Virudachalam, 
25 1 997a; Hallahan and Virudachalam, 1 997b). The C57BL6 mice were treated with thoracic 
irradiation (10 Gy). Ten, 30, 60, or 120 min after irradiation, mice were euthanized by 
intraperitoneal injection of xylazine and ketamine. Tissues were fixed in formalin and 
embedded in paraffin. Tissue blocks were then sectioned in 5 |im thick sections. 
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Tissue sections were baked at 60°C for 1 h, cleared in xylene, and hydrated through a 
descending alcohol series to distilled water. For E-selectin and CD45 immunostaining, the 
hydrated sections were incubated with Protease I (Ventana Biotech, Tucson, AZ) for 8 min at 
42°C For ICAM immunostaining, the hydrated sections were incubated with Protease II 
5 (Ventana Biotech) for 8 min at 42°C. After brief washing in ddH 2 0, endogenous activity was 
blocked by treatment of the sections with 3% hydrogen peroxide in methanol for 20 min. Two 
tissue sections from each case were then incubated overnight at 4°C at a titer of 2.5 jig/ml for 
anti-P-selectin antibody (Pharmingen, San Diego, CA). One slide from each sample was 
treated in a similar fashion and incubated overnight in normal serum immunoglobulin (Ventana 

10 Medical Systems, Tucson, AZ). The immunohistochemical staining was performed on a 
Ventana Gen 1 'system (Ventana Medical Systems, Tucson, AZ). The Ventana Gen 11 uses an 
indirect strepavidin-biotin system conjugated with horseradish peroxidase for detection of the 
immunocomplex and diaminobenzidine as a substrate for localization. The Ventana Gen 1 1 uses 
a cartridge delivered avidin/biotin blocking kit to block endogenous biotin. The 

1 5 immunostained sections were counterstained with hematoxylin, dehydrated through an 
ascending alcohol series, cleared, and coverslipped. 

During immunohistochemical analysis of the irradiated tissues, the inventors observed 
that P-selectin protein in the vascular endothelium was translocated to the tissue-blood interface 
after irradiation. Prior to irradiation, P-selectin staining was localized to the endothelial cells, 
20 but it was translocated to the tissue-blood interface within 1 h of irradiation. Leukocytes 
colocalize with translocated P-selectin at the blood-tissue interface in irradiated pulmonary 
vessels. 

To determine whether P-selectin translocation to the vascular lumen after irradiation is 
tissue-specific, the inventors studied tissue sections from irradiated murine small intestine, 
25 colon, kidney, and brain. The inventors observed that P-selectin translocation occurred 

following doses of radiation that are used in fractionated radiation therapy. The irradiated small 
intestine showed P-selectin translocation to the blood-tissue interface at one hour after 
irradiation. Likewise, the vasculare endothelium within the irradiated large intestine showed 
P-selectin translocation. In contrast to the lung and intestine, the brain, kidney and liver 
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showed no P-selectin staining and no translocation to the vascular lumen either before or after 
irradiation. 

To study the duration of P-selectin translocation to the luminal surface of irradiated 
blood vessels, the inventors studied later time points. P-selectin localization to the blood-tissue 
5 interface persisted at 6 hours after irradiation. P-selectin is also present in the granules of 
platelets and was therefore observed within platelet aggregates that were first observed within 
irradiated blood vessels at 6 hours after irradiation. At 24 h, P-selectin immunohistochemistry 
revealed staining of platelet aggregates within irradiated blood vessels of the lung and intestine. 
Platelet aggregation was transient, and resolution began by 48 h after irradiation. At 24 h after 
10 irradiation, leukocytes adhered to P-selectin within platelet aggregates. 



EXAMPLE XVII 

X-ray-induced P-selectin expression 
in Tumor Blood Vessels 
To determine whether the endothelium within neoplasms responds to x-rays in a manner 
1 5 that is distinct from the response of normal tissues, the inventors studied P-selectin 

translocation after x-irradiation of tumors. To determine whether radiation-induced exocytosis 
of endothelial P-selectin was tumor type-specific or species-specific, the inventors studied 
tumors in rats, C3H mice, C57BL6 mice, and nude mice. 

Rat C6 glioma cells were maintained in Ham's F10 medium with 1 5% horse serum, 
20 2.5% fetal bovine serum, and 10 mM HEPES. Murine GL261 gliomas were maintained in an 
F-12/DME 50% mixture and 7% fetal calf serum, and pen/strep. The human colon carcinoma 
cell line WIDR was maintained in MEMa, 1% NEAA and 10% fetal calf serum, and P/S. 

Tumors were induced by injection of tumor cells either subcutaneously or 
stereotactically into the rat brain. Subconfluent tumor cells were trypsinized, washed, and 
25 injected subcutaneously into the hindlimbs of mice. MCA4 tumors were excised, minced, and 
implanted by use of an 18-gauge needle subcutaneously into the hindlimbs of C3H mice 
(Jackson Labs). Lewis lung carcinoma cells (10 6 ) were injected into the hindlimbs of C57BL6 
mice (Jackson Labs). Rats C6 cells were injected into Wistar rats (250-300 g) (Charles River, 
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Wilmington, MA). Human colon carcinoma WIDR cells (10 6 ) were injected into nude mice 
(Jackson Labs). Tumors were grown to a volume of 300 to 500 mm 3 prior to treatment with 
x-rays or cytokines. 

To determine whether P-selectin in tumor blood vessels is translocated to the vascular 
5 lumen, the inventors treated tumors with x-rays. Tumors were treated with 250 kV x-rays as 
the inventors have previously described (Hallahan et ai 9 1995), with 2, 4, or 10 Gy at a dose 
rate of 1 Gy per minute. At 1 , 6, and 24 h after irradiation, mice were sacrificed by 
intraperitoneal injection of xylazine and ketamine. 

To determine whether P-selectin is present in the vascular endothelium of tumors, the 

1 0 inventors utilized immunohistochemistry for P-selectin. Formalin fixed tumors were embedded 
in paraffin blocks and sectioned (5 thick). Sections were placed unto Superfrost Plus glass 
slides (Fisher Scientific). Tissue sections were baked at 60°C for 1 h, cleared in xylene, and 
hydrated through a descending alcohol series to distilled water. After brief washing in ddH 2 0, 
endogenous activity was blocked by treatment of the sections with 3% hydrogen peroxide in 

15 methanol for 20 min. Two tissue sections from each case were then incubated overnight at 4°C 
at a titer of 2.5 jig/ml for anti-P-selectin and anti-GP-IIIa antibodies. One slide from each 
sample was treated in a similar fashion and incubated overnight in normal serum 
immunoglobulin (Ventana Medical Systems, Tucson, AZ). The immunohistochemical staining 
was performed on a Ventana Gen 11 system (Ventana Medical Systems). The Ventana Gen 1 1 

20 uses an indirect strepavidin-biotin system conjugated with horseradish peroxidase for detecting 
the immuno-complex and diaminobenzidine as a substrate for localization. The Ventana Gen 1 1 
uses a cartridge delivered avidin/biotin blocking kit to block endogenous biotin. The 
immunostained sections were counterstained with hematoxylin, dehydrated through an 
ascending alcohol series, cleared, and coverslipped. Stained sections were imaged under a 40x 

25 objective. All blood vessels throughout the entire section were observed, and 3 to 5 sections 
were analyzed for each tumor. 



P-selectin translocation was observed in all tumors including MCA4 in C3H mice, 
Lewis lung carcinoma in C57BL6 mice, and WIDR tumor xenografts in nude mice. P-selectin 
translocation to the vascular lumen occurred in all tumor types, independent of the implantation 
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site (brain, flank, or hind limb), strain of mouse (C3H, C57BL6, or nude), and species (mouse 
versus rat). Untreated control and x-irradiated tumors were sectioned and stained with 
anti-P-selectin antibody. 

To determine the threshold and plateau doses for induction of P-selectin translocation, 
5 the inventors utilize 1, 2, 4, 10, and 20 Gy. The inventors observed no translocation of 

P-selectin in tumors treated with 1 Gy. Efficient translocation of P-selectin occurred following 
irradiation with 2 Gy. There was no increase in P-selectin translocation or degree of staining at 
1 h, when higher doses of x-rays were used. This finding suggested that P-selectin 
translocation to the vascular lumen is an all or none type of response at 1 h with a threshold 
10 dose of 2 Gy. MCA4 tumors in C3H mice were excised and fixed at 1 h following irradiation 
and sections were stained with anti-P-selectin antibody. 

The inventors studied later time points in irradiated tumors to determine whether 
P-selectin expression increased over 24 h. The inventors compared tumors treated with 2 and 
10 Gy and found that there was no increase in expression over 24 h in tumors treated with 2 Gy. 
15 On the other hand, 10 Gy did produce an increase expression that accumulated over 24 h. 
P-selectin staining was present at a low baseline level at 1 h, and increased at 6 and 24 h. 

The vascular endothelium in the brain is distinct from the endothelium in the periphery 
(Barkalow et al y 1996). Moreover, Weibel-Palade bodies have been identified in blood vessels 
within gliomas (Miyagami and Nakamura, 1996). To determine whether malignant gliomas 
20 induced in the brain have a distinct P-selectin expression as compared to that in peripheral 
tumors, the inventors induced C6 gliomas in the brains of Wistar rats. 

Intracranial gliomas were induced by stereotactic injection of rat C6 glioma cells into rat 
brains. C6 cells (ATCC) were received at passage 35 and maintained in Ham's F10 medium 
with 15% horse serum, 2.5% fetal bovine serum, and 10 mM HEPES. Growing cells were 
25 trypsinized and resuspended in PBS at 1 0 8 cells/mL. Male Wistar rats (250-300 g) (Charles 
River, Wilmington, MA) were anesthesized with a mixture of ketamine (90 mg/kg) and 
xylazine (10 mg/kg) and placed in a stereotactic frame (David Kopf Instruments, Tujunga, CA). 
The head was shaved and the skin incised, and a hole was drilled in the skull with a 1 .8 mm 
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trephine (Fine Science Tools Inc., Foster City, CA). Ten microliters of cell suspension were 
injected 4 mm beneath the surface of the skull with a 50 ml Hamilton syringe 2 mm from the 
midline and 2 mm anterior to the coronal suture. The skull was sealed with dental cement, the 
wound was stitched, and the animals were kept in separate cages for 2-3 days to prevent 
5 mutilation. Thirteen days after implantation, the animals were irradiated. They were lightly 
anesthesized (0.75 of the regular dose of drugs on the first session, 0.5 in all further sessions) 
and placed in a cylinder custom made from 2 mm lead. The head protruded from a hole on the 

137 

top for exposure. Irradiation was performed in a Cs irradiator at 395 cGy /min. The entire 
brain was irradiated with 4 Gy. At 1, 6, 24, and 48 h after irradiation, the animals were 
10 anesthesized again, and the brains were perfused with 10 mM sodium cacodylate, pH 7.0, 1.5% 
formaldehyde, 0.1% glutaraldehyde. The brains were further fixed in formaline, embedded in 
paraffin, and sectioned. Five micron sections were processed and stained with 
hematoxylin-eosin. 

The normal brain blood vessels showed no P-selectin in untreated controls or following 
1 5 irradiation. On the other hand, gliomas showed P-selectin staining in the endothelium of 
untreated tumors. At 1 h after irradiation, P-selectin staining at the blood-tissue interface 
increased. At 6 h after irradiation, P-selectin staining in the lumen of blood vessels increased 
intensely. The entire brains of the rats and C6 gliomas induced in Wistar rats were treated with 
4 Gy, and the brains were fixed, sectioned, and stained with anti-P-selectin antibody 
20 immunohistochemistry. 

P-selectin in platelets may account for the time dependent increase in staining within the 
vascular lumen after irradiation. The inventors therefore utilized immunohistochemistry for 
platelet antigen GP-HIa to differentiate between endothelial and platelet localization of 
P-selectin. GP-IIIa is a platelet antigen that is not found in the vascular endothelium. The 
25 inventors utilized anti-GP-IIIa antibodies to determine whether the time-dependent increase in 
P-selectin staining is due to platelet aggregation. Lewis lung carcinoma tumors in C57BL6 
mice were irradiated and stained with anti-GP-IIIa antibody. The inventors found little GP-IIIa 
staining in blood vessels at 1 h following irradiation. However, GP-IIIa staining increased at 6 
and 24 h following irradiation. These findings indicate that the increased P-selectin staining 
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within the vascular lumen of irradiated tumors was, in part, due to platelet aggregation. Lewis 
lung carcinoma tumors were induced in C57BL6 mice and treated with 10 Gy. Tumors were 
excised and fixed at 1 h, 6 h and 24 h after irradiation. 

These findings indicate that ionizing radiation induces P-selectin exocytosis from the 
5 vascular endothelium of neoplasms, which is associated with aggregation of platelets and 
P-selectin staining on platelets. The inventors observed that P-selectin was present in the 
vascular endothelium of all tumor types, regardless of species or implantation site. Moreover, 
the inventors observed that radiation-induced P-selectin translocation was associated with 
platelet aggregation within the irradiated tumor blood vessels. P-selectin translocation is 
10 specific to the microvasculature of malignant gliomas and is not present in the blood vessels of 
the irradiated normal brain. Moreover, radiation-induced platelet aggregation in tumor vessels 
was abrogated in P-selectin knockout mice. These data indicate that the vascular endothelium 
within neoplasms responds to ionizing radiation by translocating P-selectin to the vascular 
lumen, with subsequent platelet aggregation. 

1 5 The mechanism by which ionizing radiation induces the translocation of P-selectin to 

the vascular lumen is presently unknown, but may be related to findings which have shown that 
WPB exocytosis is inhibited by microtubular depolymerizing agents (Sinha and Wagner, 1987). 
These findings implicate motor proteins in the movement of WPB to the cell membrane. This 
rapid response within the irradiated vascular endothelium implicates the function of these 

20 contents in initiating the biological response to radiation. The irradiated endothelium activates 
circulating blood components rapidly after x-irradiation. 

Rapid exocytosis of WPB contents plays a critical role in hemostasis of injured blood 
vessels (reviewed in Caen and Rosa, 1995). In the present study, the inventors found that 
P-selectin translocation to the vascular lumen is followed by platelet aggregation and 
25 subsequent P-selectin expression on the surface of platelets. These data indicate that P-selectin 
translocation may contribute to the response of tumor blood vessels to ionizing radiation. 

P-selectin has been shown to contribute to thrombotic vasculitis following stimulation 
with inflammatory mediators (Subramaniam et ai, 1996). The Schwarzman reaction consists 
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of thrombosis and inflammation in tissues treated with local TNF injection followed by 
systemic administration of TNF (Shwartzman, 1928). The inventors have demonstrated that 
local administration of TNF combined with local irradiation results in thrombotic vasculitis 
within tumor vessels (Hallahan et al., 1995; Mauceri et ai, 1996). This results in necrosis and 

5 inflammatory cell infiltration analogous to the Schwarzman reaction. The present study 

suggests a paradigm for mechanisms of interaction between TNF and radiation. TNF primes 
tumor blood vessels, with increased expression of cell adhesion molecules. Ionizing radiation, 
in turn, activates the endothelium. This interaction results in thrombosis of tumor blood vessels 
and subsequent necrosis of tumors. The therapeutic implication of radiation activation of the 

10 vascular endothelium is that the precise localization of ionizing radiation by modern day 

radiation therapy may allow for localized thrombotic vasculitis in neoplasms. Additionally, the 
inventors have injected 123 I conjugated anti-P-selectin antibodies into the aorta of mice with 
hindlimb tumors or the carotid of rats with brain tumors, and these radioimmunoconjugates 
localized to irradiated tumors. A four fold enhancement in the localization of radioconjugated 

1 5 antibody in irradiated tumors was detected by autoradiography and scintigraphy when 

compared to unirradiated controls, demonstrating that binding or targeting components to P- 
selectin can be specifically targeted to tissues after inducing P-selectin translocation. 

EXAMPLE XVIII 

P-selectin-dcpendent platelet aggregation in blood vessels of x-irradiated tissues 

20 To determine whether platelet aggregation in irradiated blood vessels is associated with 

WPB exocytosis, the inventors utilized immunohistochemical analysis of the WPB components 
P-selectin and vWF. 

C57BL6 mice were irradiated as the inventors have described (Hallahan and 
Virudachalam, 1997a; Hallahan and Virudachalam, 1997b). Ten, 30, 60, or 120 min after 
25 irradiation, mice were euthanized by intraperitoneal injection of xylazine and ketamine. 
Tissues were fixed in formalin and embedded in paraffin. 

Tissue sections were baked at 60°C for 1 h, cleared in xylene, and hydrated through a 
descending alcohol series to distilled water. After brief washing in ddH 2 0, endogenous activity 
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was blocked by treatment of the sections with 3% hydrogen peroxide in methanol for 20 min. 
Two tissue sections from each mouse were then incubated overnight at 4°C at a titer of 2.5 
Hg/ml for anti-P-selectin antibody (Pharmingen, San Diego, CA) or platelet antibody 
anti-GP-IIIa. One slide from each sample was treated in a similar fashion and incubated 
5 overnight in normal serum immunoglobulin (Ventana Medical Systems, Tucson, AZ). The 
immunohistochemical staining was performed on a Ventana Gen (Hallahan and Virudachalam, 
1997) system (Ventana Medical Systems) which uses an indirect strepavidin-biotin system 
conjugated with horseradish peroxidase for detecting the immunocomplex and 
diaminobenzidine as a substrate for localization, as well as a cartridge delivered avidin/biotin 
1 0 blocking kit to block endogenous biotin. The immunostained sections were counterstained with 
hematoxylin, dehydrated through an ascending alcohol series, cleared, and coverslipped. 

Immunofluorescence staining was performed as the inventors have described (Hallahan 
and Virudachalam, 1997; Hallahan et ai y 1997). Tissue sections (5 ^m) were mounted on 
slides and labeled with anti-GP-IIIa antibodies as described above. After incubation with 

15 biotinylated secondary antibody, sections were incubated with 200 fj.1 of Avidin-Cy3 (10 

Hg/ml) for 30 min in a humid chamber at room temperature. Avidin-Cy3 (Amersham Corp., 
Arlington Heights, IL), 5 |ig/mL was added to 200 \xh of blocking buffer and filtered through a 
0.2-fim Millipore filter, before addition of the fluorochrome to slides. Coverslips were 
removed, and sections were washed with 4X SSC/0.1% Triton X at room temperature. Slides 

20 were counterstained in DAPI and rinsed with 2X SSC for 1 0 sec. The slides were then 

coverslipped with antifade and blotted. Immunofluorescent images were visualized with a 
Zeiss Photomicroscope III fluorescence microscope. 

Prior to irradiation, P-selectin was localized to the vascular endothelium. Within 60 
min of irradiation, P-selectin was translocated to the blood-tissue interface. P-selectin extended 
25 from the irradiated endothelium into the vascular lumen. The inventors observed that, at four 
hours after irradiation, platelet aggregates were stained within these blood vessels. Platelet 
aggregations continued to accumulate in irradiated blood vessels for 24 h. The inventors 
irradiated lungs of mice and stained for platelet aggregation using anti-P-selectin and anti-GP 
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Illa antibody. At one h following irradiation, there was no increase in platelet aggregation, 
whereas P-selectin in the vascular endothelium was translocated to the blood tissue interface. 

Because P-selectin contributes to the slowing and activation of platelets, the inventors 
studied radiation-induced platelet aggregation in irradiated tissues. To quantify platelet 
5 aggregation, the inventors stained tissue sections from irradiated lungs with anti-P-selectin 
antibody. Blood vessels in ten 40x objective fields were scored for the presence or absence of 
platelet aggregates. 

Blood vessels were identified by autofluorescence of red blood cells using the FITC 
filter. The inventors measured fluorescence intensity, in pixels, within blood vessels. Ten 
10 blood vessel in each tissue section were photographed using CCD camera. Fluorescence 

intensity was measured by NIH Image software as the inventors have described (Hallahan and 
Virudachalam, 1997). Experiments were performed 3 to 4 times. All data were analyzed by 
use of Statistica for Windows software (StatSoft, Inc., Tulsa, OK). 

The percentage of irradiated blood vessels with platelet aggregates increased over time. 
1 5 Four h after irradiation, 40% of blood vessels showed platelet aggregation. The percentage of 
pulmonary vessels with aggregates increased to 75% at 24 h (p = 0.01). Thereafter, platelet 
aggregation decreases. C57BL6 mice were treated with thoracic irradiation, and tissues were 
fixed at the indicated times. 

To determine whether radiation-induced platelet aggregation was associated with 
20 leukocyte adhesion, the inventors studied leukocytes staining within platelet aggregates. At one 
h after irradiation, the inventors found leukocyte adhesion to P-selectin at the blood tissue 
interface of the irradiated vascular endothelium. Six h after irradiation, leukocyte adhesion to 
platelet aggregates was observed. At 24 h following irradiation, the inventors observed 
leukocyte staining in 20 percent of platelet aggregates. The inventors quantified leukocyte 
25 localization to platelet aggregates over time. The time course of leukocyte adhesion correlated 
with the number of blood vessels showing platelet aggregation. P-selectin 
immunohistochemistry of irradiated tissues was conducted in lung, intestine, brain and kidney. 
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To determine whether radiation-induced P-selectin translocation to the vascular lumen 
is associated with platelet aggregation, the inventors studied the number of platelet aggregates 
in murine blood vessels that stained positively for P-selectin, as compared to tissues without 
P-selectin. The inventors found that P-selectin translocation occurred in pulmonary venules, 
5 but not in the pulmonary microvascular endothelium. P-selectin translocation also occurred in 
the irradiated small intestine and colonic endothelium. P-selectin staining was not observed in 
the irradiated brain, or kidney. Radiation-induced platelet aggregation is associated with 
P-selectin translocation, anti-platelet antibodies were incubated with tissue sections from 
irradiated lung, intestine, brain and kidney. 

10 The inventors quantified platelet aggregation in each of these tissues by use of 

immunofluorescence of platelet antigen. A significant increase in the number of blood vessels 
staining positively for platelet aggregation in pulmonary vessels, and in vessels of the small and 
large intestine was seen. In contrast, blood vessels that did not stain positively for P-selectin, 
such as the brain and kidney showed no increase in platelet staining. Moreover, the pulmonary 

15 microvascular endothelium did not contain P-selectin and did not show platelet aggregation. 
C57BL6 mice were treated with total body irradiation, and tissues were fixed at 24 h after 
irradiation. Platelet aggregates were counted in 40 blood vessels of lung, small intestine, colon, 
brain, kidney. Platelet aggregation occurred in irradiated blood vessels in which P-selectin 
translocation was observed (eg. lung, tumors and intestine), but not in blood vessels lacking 

20 radiation-induced P-selectin translocation (kidney or brain). 

The inventors hypothesize that radiation-induced P-selectin translocation to the lumen 
contributes to platelet activation by slowing circulating platelets to allow aggregation in the 
irradiated vessel and not downstream from it. To determine the role of P-selectin in radiation- 
induced platelet activation, the inventors studied platelet aggregation in P-selectin-deficient 
25 mice treated with thoracic irradiation. 

The P-selectin knockout mouse has prolonged breeding times (Subramaniam et ai, 
1996) and therefore serves as a model. To determine whether P-selectin is required for 
radiation-induced platelet aggregation, the inventors irradiated P-selectin knockout mice and 
stained for platelets utilizing the platelet antibody anti-GP Ilia. 
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The inventors found marked attenuation of platelet aggregation in tissues of irradiated 
P-selectin knockout mice. The inventors utilized immunofluorescence staining for platelet 
antigens to measure of the difference in platelet aggregation in the P-selectin knockout mouse 
as compared to the P-selectin +/+ mouse. The inventors observed increased platelet 
aggregation in blood vessels at 6 h following irradiation of wild-type mice. Immunoflurescence 
intensity of platelet aggregation was abrogated in the P-selectin knockout mouse. 

To determine whether x-ray-induced platelet aggregation is also attenuated in 
angiogenic blood vessels in P-selectin -/- mice, the inventors induced syngeneic tumors in the 
hind limbs of P-selectin +/+ mice and knockouts. GL261 gliomas were induced in P-selectin -/- 
and P-selectin +/+ C57BL6 mice. 

Lewis lung carcinoma cells were maintained in F-12/DME 50% mixture and 7% fetal 
calf serum, and P/S. Mice were bred in our transgenic mouse core laboratory. Subconfluent 
tumor cells were trypsinized, washed, and injected subcutaneously into the hindlimb. 

Lewis lung carcinoma (10" cells) were injected into hindlimbs of C57BL6 mice 
(Jackson Labs, Bar Harbor, ME) and were grown to 400 mm . Tumors were treated with 
x-irradiation using 250 kV x-rays as the inventors have previously described (Hallahan et ai, 
1995). Tumors were treated with 10 Gy at a dose rate of lGy per min. 

P-selectin -/- mice were obtained from Jackson Laboratories, Bar Harbor, ME (Mayadas 
et ai y 1993). Lewis lung carcinoma (10 6 ) were injected subcutaneously into the hindlimb of 
P-selectin -/- mice. Tumors were growth to a volume of 400 mm and irradiated with 1 0 Gy . 
At 6 and 24 h following irradiation, mice were euthanized by intraperitoneal injection of 
xylazine and ketamine. Tumors were fixed in formalin and embedded in paraffin. Tumors were 
sectioned and stained with the anti-GPIIIa antibody as described above. 

Irradiated tumors in P-selectin +/+ mice showed platelet aggregation at 6 and 24 h. 
Tumors in P-selectin -/- mice, however, showed attenuation of GP-IIIa staining in blood vessels 
at 6 and 24 h after irradiation. This model supports the original findings that radiation-induced 
platelet aggregation is attenuated in tissues that lack P-selectin translocation to the blood-tissue 
interface. Radiation-induced platelet aggregation in GL261 gliomas in C57BL6 mice was 
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detected using anti-GP-IIla antibody in stain tumor sections from P-selectin +/+ and P-selectin 
-/- mice. 

To study the physiologic significance of P-selectin-dependent platelet aggregation, 
P-selectin -/- and P-selectin +/+ mice were treated with 10 Gy. At day 5, the knockout mice 

5 showed tachypnea and hypomotility. Wild type mice demonstrated no reduction in movement 
and no tachypnia. To determine the cause of respiratory distress in P-selectin -/- mice treated 
with radiation, the lungs were dissected, fixed, and sectioned at 48 h and 7 days following 
irradiation. Lungs from P-selectin -/- mice showed red blood cells within the alveoli within 48 
h of irradiation. The lungs of mice with respiratory distress (day 7) showed pulmonary 

10 hemorrhage with no evidence of bacterial infection either by gram staining or bacterial culture. 
The mice were treated with 10 Gy and lungs were fixed and sectioned for H & E staining. 

The inventors found that platelet aggregation occurred in the lungs of P-selectin +/+ 
mice following thoracic irradiation. In contrast, P-selectin-deficient mice showed no platelet 
aggregation within the irradiated lungs. P-selectin is absent from both platelets and 
1 5 endothelium in P-selectin deficient mice (Subramaniam et ai , 1 996; Mayadas et al , 1 993). 
These data indicate that the rapid translocation of P-selectin to the blood-tissue interface plays 
an important role in slowing the flow of platelets within injured blood vessels. 

These studies demonstrate that P-selectin participates in the pathogenesis of platelet 
aggregation in blood vessels of irradiated tissues. The P-selectin knockout mouse represents a 
20 model for the study of the physiologic significance of these components in the pathogenesis of 
radiation-induced tissue injury. Taken together with the other studies described above in the 
non-knockout mice, these data indicate that P-selectin translocation to the vascular lumen plays 
an important role in the pathogenesis of radiation-induced platelet aggregation. 

The clinical significance of this finding is the high incidence of radiation pneumonitis in 
25 bone marrow transplant patients treated with single dose total body irradiation. The present 
study shows that platelets aggregate in the lungs following thoracic irradiation. The inventors 
observed leukocyte adhesion to platelet aggregates. Leukocyte recruitment by platelet 
P-selectin into a thrombus has been demonstrated in primates (Palabrica et ai, 1992). The 
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contribution of platelets to radiation-induced tissue injury may include inflammatory cell 
activation (Furie and Furie, 1995). Inflammatory cells adhere to the irradiated endothelium 
within 4 h of irradiation (Panes et al, 1995; Fliss and Menard, 1994). Platelet aggregation in 
irradiated vessels was associated with leukocyte adhesion in the present study. Activated 

5 platelets express P-selectin on the membranous surface and thereby activate inflammatory cells 
(Furie and Furie, 1995; Tsuji et a/., 1994). P-selectin adhesion to circulating leukocytes 
induces a conformational change of integrin B2 (Evangelista et al , 1 996). Such a 
conformational change is required for adhesion to ICAM. Taken together with the findings that 
P-selectin activates inflammatory cells, the inhibition of platelet adhesion to the vascular 

1 0 endothelium may attenuate radiation-induced tissue injury. Moreover, enhancement of platelet 
aggregation within tumor blood vessels can achieve obliteration of tumor vasculature (Hallahan 
et al, 1995; Mauceri et al^ 1996). The inventors contemplate that procoagulants, including 
tumor necrosis factor can enhance the effects of tissue injury or tumor control by working in 
conjunction with agents that promote P-selectin activation. The inventors also contemplate that 

1 5 agents that attenuate the action of P-selectin, including anti-P-selectin antibodies, can also 
attenuate tissue injury. 

EXAMPLE XIX 

Additional Examples of the Methods of the Invention 

To determine whether intercellular signal transduction participates in the radiation 
20 response, the inventors will study the molecular response to ionizing radiation in which 
intercellular signal transduction occurs independently of gene induction. 

Radiation-mediated intercellular signaling involves the release of preformed molecules 
that in turn activate circulating leukocytes and platelets. These molecules include those 
contained within endothelial cell Weibel-Palade bodies such as P-selectin IL-8 and von 
25 Willebrand factor. In addition to Weibel-Palade bodies, other endothelial cell granules serve as 
reservoirs for constitutively expressed proteins. These reservoirs include vesiculovacuolar 
organelles which are present in tumor microvasculature (Qu et aL 9 1995), multivesicular bodies, 
and tissue factor pathway inhibitor (TFPI)-specific granules (Lupu et al, 1995). There are two 
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general mechanisms by which these stored proteins participate in intercellular signaling: 
secretion and translocation to the membrane. The inventors will analyze both the medium and 
the cell membrane to determine whether stored proteins are translocated in response to ionizing 
radiation. LDH is a marker of cell lysis and will serve as a control for protein secretion. 

5 Endothelial cells from veins, arteries, pulmonary microvasculature, dermal 

micro vasculature, and tumors will be irradiated as the inventors have described (Hallahan et aL, 
1996a, Hallahan et aL, 1995a, Hallahan and Virudachalam, 1997a, Hallahan et aL, 1996b). 
Endothelium will be stained for the following proteins: antibodies to P-selectin will determine 
Weibel Palade body translocation, antibody to tissue factor pathway inhibitor will be used for 

10 the TFPI-specific granules, antibodies to endothelin will be used for the multivesicular bodies 
(Doi et aL, 1996, Turner and Murphy, 1996), antibodies to VEGF will be used to study 
translocation of vesiculovacuolar organelles. Control antibody staining for PECAM-1 will be 
used during irradiation because the inventors have found that this protein is not altered by x- 
irradiation of endothelial cells. Untreated endothelial cells will serve as a negative control and 

1 5 thrombin-stimulated endothelial cells will serve as a positive control. 

In separate studies, mice will be treated with total body irradiation (TBI) using 2, 5, 10, 
and 15 Gy. The brain, lung, intestine, liver, kidneys, and tumors will be dissected, fixed in 
paraffin and sectioned by microtome, as the inventors have previously described (Hallahan and 
Virudachalam, 1997a, Hallahan and Virudachalam, 1997a, Hallahan et aL, 1995b). Tissues 
20 will be dissected and fixed at 10 min, 30 min, 60 min, and 120 min after irradiation. These 
studies will allow the inventors to determine whether there is a time- or dose-dependent 
translocation of cytoplasmic granules following irradiation. 

Mice will be treated with total body irradiation. Ten, 30, 60, 120 min after irradiation, 
mice will be euthanized by intraperitoneal injection of barbiturate. Tissues will be fixed in 
25 formalin and embedded in paraffin as the inventors have described (Hallahan et aL, 1995b, 
Hallahan et aL y 1996b). Five ^m sections of each tissue will be mounted onto Superfrost Plus 
slides (Fisher Scientific, Pittsburgh, PA) baked at 60°C for 1 h, cleared in xylene, and hydrated 
through a descending alcohol series to distilled water. The hydrated sections will be incubated 
with Protease II (Ventana Biotech) for 8 min at 42°C. Endogenous activity will be blocked by 
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treatment of the sections with 3% hydrogen peroxide in methanol for 20 min. Two tissue 
sections from each case will be then incubated overnight at 4°C at a liter of 2.5 fig/ml rat anti- 
mouse P-selectin (Pharmingen). One slide from each sample will be treated in a similar fashion 
and incubated overnight in normal serum immunoglobulin (Ventana Medical Systems, Tucson, 

5 AZ). The immunohistochemical staining will be performed on a Ventana Gen 11 system 

(Ventana Medical Systems). The Ventana Gen 11 utilizes an indirect strepavidin biotin system 
conjugated with horseradish peroxidase for detecting the immunocomplex and 
diaminobenzidine as substrate for localization. The Ventana Gen 11 uses a cartridge delivered 
avidin/biotin blocking kit to block endogenous biotin. The immunostained sections will be 

10 counterstained with hematoxylin, dehydrated through an ascending alcohol series, cleared, and 
coverslipped. 

Primary culture vascular endothelial cells will be grown to 80% confluence on glass 
slides and irradiated with a GE Maxitron x-ray generator as previously described (Hallahan et 
aL, 1996a, Hallahan et aL, 1995a). Cells will be labeled with anti-P-selectin antibodies as a 

15 positive control. HUVECs will be grown on glass slides and treated with interleukin-1 (IL-1) 
or x-rays or under identical conditions without x-rays or cytokines. Thirty and 60 min after 
treatment, cells will be fixed in 4% paraformaldehyde for 1 h. Nonspecific binding of antibody 
will be blocked by incubation with 5% goat serum for 30 min at 37°C. Cells will be washed 
with buffer and incubated with mouse anti-E-selectin antibody, followed by incubation with 

20 FITC-conjugated goat anti-mouse IgG. Following washings, cells will be visualized with a 
Zeiss Photomicroscope III equipped with an epifluorescence condenser, which converts a 
photomicroscope to a fluorescence microscope for incident-light excitation. Slides will be 
mounted and examined for fluorescence and by phase microscopy. 

Immunofluorescence will replace HRP immunohistochemistry when quantitation will 
25 be needed, because fluorescence intensity can be measured. Lung sections (5 |im) will be 

mounted on slides and labeled with antibodies as described above. Following incubation with 
biotinylated secondary antibody, blocking solution will be added for 30 min in a humid 
chamber at 37°C. Avidin-Cy3 (Amersham, Arlington Heights, IL) 5 jig/mL will be added to 
200 \iL of blocking buffer and filtered through a 0.2 \xm millipore filter. Avidin-Cy3 solution 
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will be added to tissue sections, coverslipped and incubated for 30 min in a humid chamber at 
37°C. Coverslips will be removed and sections will be washed using 4X SSC/0.1% Triton X at 
39°C. Slides will be counterstained in DAPI and rinsed with 2X SSC for 10 sec. Slides will 
then be coverslipped with antifade and blotted. Immunofluorescence will be visualized using 
5 UV microscopy and NIH Image software as described (Hallahan and Virudachalam, 1997a). 

During quantitation of ICAM-1 in vivo, immunofluorescence will be visualized using 
UV microscopy, NU200 and NIH Image software. DAPI staining of nuclei will be used as a 
control to verify that fluorescence will be measured in the same number of cells in each lung 
section. Fifty nuclei will be framed and anti-P-selectin immunofluorescence will be determined 

10 by use of NIH Image software as the inventors have described (Hallahan and Virudachalam, 
1997a). Fluorescence intensity will be determined for each pixel within the flamed cells and 
the number of fluorescent pixels will be counted by use of NIH Image. The increase in the 
number of pixels showing fluorescence will be determined as the inventors have described 
(Hallahan and Virudachalam, 1997a). The mean and SEM of anti-ICAM-1 

1 5 immunofluorescence of three lungs will be determined for each dose of thoracic irradiation. 

The inventors expect that ionizing radiation will activate a signal transduction pathway 
in endothelial cells that consists of calcium mobilization and activation of PKC. This will, in 
turn, activate translocation of cytoplasmic granules to the cell surface. The inventors also 
expect that cytoplasmic granule translocation will vary among the endothelium of each of the 
20 tissue types studied. Once translocation of cytoplasmic granules has been characterized, the 
inventors will study the mechanisms of intercellular signaling in the irradiated vascular 
endothelium as described below. 

The following method may be used to determine whether there is a dose-dependent 
reservoir translocation in the irradiated vascular endothelium, and the optimum dose for 
25 reservoir translocation. 

The inventors will determine whether the signaling pathways occur after low dose 
irradiation or whether high dose irradiation is required. The inventors' data suggest that a 
threshold dose and plateau dose are related to the percentage of cells undergoing apoptosis. 
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The inventors contemplate that high doses will induce a more intense and rapid onset of 
apoptosis which will obscure the exocytosis that is observable at lower doses. The inventors 
will test this by studying the response to a range of doses. 

Vascular endothelial cells will be grown, irradiated with doses of 1, 2, 5, 10, and 20 Gy, 
5 and will then be fixed and stained at various time points ranging from 1 0 min to 6 h using the 
methods described previously described herein. 

The inventors expect that a dose dependent translocation of cytoplasmic granules will 
occur in irradiated vascular endothelium. The inventors' data indicate that a threshold dose will 
in the range of 1-2 Gy, and a plateau is reached at approximately 10 Gy. The significance of 
10 these studies is that intercellular signaling occurs in clinically relevant radiation doses. The 
data obtained from this study will be applied to the methods described below. The inventors 
will determine whether apoptosis diminishes translocation. 

The inventors will determine the mechanisms of Weibel-Palade body translocation in 
the irradiated vascular lumen. The inventors' data indicate that P-selectin within Weibel-Palade 

1 5 bodies is translocated to the cell membrane within minutes of irradiation (Hallahan and 
Virudachalam, 1997a). Immunofluorescence was used to visualize the translocation of 
P-selectin to the cell surface. This showed a rapid migration of P-selectin protein that occurred 
within 30 min of irradiation. Within 60 min, P-selectin was no longer detected within 
irradiated endothelial cells. Hypoxia-induced Weibel-Palade body exocytosis is dependent 

20 upon the influx of extracellular calcium (Pinsky et al, 1996). Moreover, superoxide induced 
von Willebrand Factor exocytosis is inhibited by the intracellular calcium chelator B APTA and 
is due to release of calcium from intracellular stores (Vischer et ai, 1995). Reactive oxygen 
species increase intracellular calcium in endothelial cells (Dreher and Junod, 1995). The 
inventors have previously shown that BAPTA inhibits x-ray-mediated signal transduction 

25 (Hallahan et al. , 1 994c). Increased intracellular calcium is also a mechanism of radiation- 
mediated intracellular signal transduction within tumor cells [calcium]. The inventors' results 
indicate that the calcium chelator attenuates x-ray-mediated P-selectin translocation. The 
inventors contemplate that intracellular calcium flux contributes to Weibel-Palade body 
exocytosis. The inventors will utilize BAPTA, EDTA, and inhibitors of calcium channels. The 
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inventors will also determine the mechanism of radiation-mediated increased intracellular 
calcium. 

To quantify radiation-mediated increases in intracellular calcium, endothelial cells will 
be grown as the inventors have described (Hallahan et al, 1996a, Hallahan et al^ 1995a) and 
5 labeled with Fura-2 as the inventors have described (Hallahan et al y 1994c). Intracellular 
calcium will then be quantified by use of UV microscopy as the inventors have described 
(Hallahan et ai y 1994c). Endothelial cells will be irradiated as the inventors have previously 
described (Datta et al, 1 992). The inventors will use a dose range of 1-1 0 Gy to determine 
whether there is a dose-dependent increase in intracellular calcium. 

10 In separate studies, endothelial cells will be grown in the absence in extracellular 

calcium using the extracellular calcium chelator EDTA as the inventors have described 
(Hallahan et aL y 1994c). Calcium channel blockers will also be added to endothelial cell 
cultures prior to irradiation. Cells treated with EDTA or calcium channel blockers will then be 
stained with the anti-P-selectin antibody for immunofluorescence to visualize translocation of 

1 5 Weibel Palade bodies as described above. The inventors will also quantify von Willebrand 
factor released into the medium by use of ELISA assay. These studies will allow the inventors 
to determine whether increased intracellular calcium results from extracellular or intracellular 
stores. The inventors will also determine whether increased intracellular calcium is required for 
Weibel Palade body exocytosis. 

20 Intracellular calcium concentrations ([Ca2 + ]/) will be measured using the Ca 2+ sensitive 

fluorophore fura-2 (Molecular Probes) in standard buffer solution (138mM NaCl, 2mM 
CaC12, 1 mM MgC12, 5 mM KC1. HEPES and 10 mM glucose adjusted to pH 7.4 with 
NaOH) at 22-24°C. Glass cover slips of cells will be loaded with fura-2 by incubation with 
fiira-2 acetoxymethy ester (5 in standard buffer for 30 min at 30°C. Glass cover slips of 

25 cells will be loaded with fura-2 by incubation with fura-2 acetoxymethy ester (5 \xM in standard 
buffer for 30 min at 30°C) and then will behed for 40 min at the same temperature. The cover 
slips will be mounted in the perfusion chamber, which will be positioned on the opening of the 
microscope stage. A suitable cell will be identified and aligned within the collimated 
viewfinder of the photomultiplier tube, as described previously (Hallahan et aL, 1994c). The 
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cells will be perfused continuously with a solution containing Na- and Ca 2+ as detailed below. 
Drugs will be added to the external solutions. Emission will be measured alternately at 
excitation wavelengths of 340 and 380 nm, and the ratio of the emission intensities at 510 nm 
will be translated in [Ca 2+ ]/, using a predetermined calibration curve. Values for [Ca 2+ ]/ are 

5 displayed each second and represent the mean calculated [Ca 2+ ]/ for ratios measured every 16 
ms. Rapid solution change in the cell supervision system will be obtained by maintaining a low 
chamber fluid volume of 200-400 |il and laminar flow perfusion of 2 ml min. The tubing 
between the medium reservoir and the inlet to the chamber delayed the onset of the solution 
change by approximately 15 s. Results will be corrected for this perfusion delay. Cells will be 

10 exposed to ^Sr using an applicator (Amersham, Arlington Heights, IL) at a dose rate of 4 Gy 
min for 5 to 15 min, while [Ca 2+ ]/ will be quantified. The radiation dose will be quantified 
using thermoluminescent dosimeters (TLDs). The TLDs will be placed on cover slips and 
irradiated for 1 min during [Ca 2+ ]/ quantification and the radiation dose will be determined as 
described. After irradiation, [Ca 2+ ]/ will be quantified for an additional 30 min. Ca 2+ free 

15 solutions will be prepared by using standard buffer solution with Ca 2+ omitted and 20 [iM AM- 
BAPTA added. 

The inventors contemplate that intracellular calcium levels will increase following 
x-irradiation. The inventors contemplate that this may result from influx of calcium from the 
extracellular solution. The inventors also contemplate that calcium chelation will attenuate 
20 radiation-mediated Weibel Palade body exocytosis. Once these studies determine a mechanism 
of calcium flux, the inventors will determine the role of [Ca 2+ ]z in PKC activation and 
intercellular signal transduction. 

The inventors have previously shown that protein kinase C is rapidly activated 
following irradiation of a number of cell types (Hallahan et al^ 1991). The inventors 1 data 
25 indicate that the PKC inhibitor calphostin attenuates radiation-mediated P-selectin translocation 
to the cell membrane. The inventors contemplate that PKC is activated within irradiated 
endothelial cells and participates in signal transduction resulting in Weibel Palade body 
exocytosis. The inventors will quantify PKC activation within irradiated endothelial cells and 
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the inventors will study phosphorylation of PKC substrates and determine whether PKC 
participates in Weibel Palade body translocation. 

Vascular endothelial cells from veins, arteries, microvascular pulmonary endothelium, 
and dermal microvascular endothelium will be grown as the inventors have previously 

5 described (Hallahan et a/., 1996a, Hallahan et a/., 1995a, Hallahan and Virudachalam, 1997a, 
Hallahan et ai, 1996b). Cells will be irradiated with the high dose rate 60 Co irradiator because 
PKC is rapidly activated (Hallahan et al. y 1994a, Hallahan et al y 1994c, Hallahan et ai, 1991a). 
Total cellular protein will be extracted and the phosphotransoferase activity of PKC will be 
determined as the inventors have previously described (Hallahan et al y 1994c, Hallahan et al> 

10 1991b). 

In a separate study the inventors will study Weibel Palade body exocytosis in the 
presence of PKC inhibitors. Various PKC inhibitors including H7, calphostin and staurosporin 
will be used to determine whether these isoform specific inhibitors all attenuate Weibel Palade 
body exocytosis. In addition, the inventors will determine whether calcium dependent PKC 
1 5 isoform is required for signaling by use of the calcium chelator B APTA. 

The inventors expect that ionizing radiation will activate PKC and this in turn will 
phosphorylate cytoplasmic proteins required for Weibel Palade body exocytosis. 

P-selectin gene induction is a mechanism of intercellular signaling within the brain 
vasculature. In addition to P-selectin exocytosis, the inventors contemplate that P-selectin gene 
20 expression is also increased within irradiated endothelial cells. The inventors will perform 

Northern blot analysis for the P-selectin gene following x-irradiation of various endothelial cell 
types. 

Endothelial cells from vein, artery, lung, and dermis will be grown and irradiated as the 
inventors have previously described (Hallahan et al y 1996a, Hallahan et al 9 1995a, Hallahan 
25 and Virudachalam, 1 997a, Hallahan et ai , 1 996b). RNA will be extracted at times ranging 
from 1 to 8 h. Northern blot analysis and densitometry will be used to quantify gene 
expression. Hybridization to GAPDH will be used to demonstrate equal loading of lanes. 



WO 98/53852 



PCT/US98/10913 



-126- 

Primary culture vascular endothelial cells will be exposed to 2 to 10 Gy (GE Maxitron 
X-ray generator) as previously described (Hallahan et ai 7 1996a, Hallahan et al y 1995a, 
Hallahan and Virudachalam, 1997a, Hallahan et al, 1996b). RNA will be extracted using the 
single step guanidinium thiocyanate-phenol/chloroform method (Chomczynski and Sacchi, 
5 1987) following irradiation. Control RNA from nonirradiated cells treated with otherwise 
identical conditions and RNA from irradiated cells will be size fractionated by 1% agarose 
formaldehyde electrophoresis. RNA gels will be then transferred to a nylon membrane 
(Genescreen Plus, New England Nuclear, Boston, MA). Northern blots will be hybridized to 
32p labeled P-selectin cDNA probe and GAPDH expression will be quantified to verify equal 
10 loading of RNA into lanes followed by autoradiography for 3 days at -85°C with intensifying 
screens. RNA levels will be quantified by densitometry (Sherman et aL, 1991). 

The inventors contemplate that P-selectin gene expression will be endothelial cell type 
specific. The inventors also contemplate that the response will be dose dependent, but that 
apoptosis will be associated with diminished expression at higher doses. 

1 5 The inventors' data indicate that P-selectin is translocated to the luminal surface of 

blood vessels within 10-30 min. P-selectin remains at the blood-tissue interface of the vascular 
endothelium for approximately 1 h. After that time point, P-selectin is no longer present on 
immunofluorescent staining of endothelial cells in vitro or in irradiated vascular endothelium in 
vivo. The inventors performed ELISA assays to determine whether the P-selectin was released 

20 in the medium in vitro or into the serum in vivo. These studies demonstrated no detection of 
P-selectin outside of the vascular endothelium. Previous studies have shown that P-selectin is 
internalized following the transient exocytosis (Green et al. y 1994). Furthermore, studies have 
shown that apoptosis occur in vascular endothelial cells following irradiation. The inventors 
contemplate that the proteolytic enzymes participating in the apoptosis also induce proteolytic 

25 degradation of P-selectin following internalization. The inventors will study P-selectin 

expression in vascular endothelium over time and determine whether inhibition of proteolytic 
cleavage eliminates degradation. 

The inventors have found that the disappearance of P-selectin in irradiated endothelial 
cells is dose dependent. It is more rapid and profound in cells treated with 10 Gy as compared 
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with cells treated with 2 Gy. For that reason the inventors will compare intercellular P-selectin 
levels in cells exposed to 2 Gy and 10 Gy. Cells will then be treated with protease inhibitors 
including inhibitors of apoptosis mediated proteolytic cleavage such as zVAD-fmk, calpane, 
and crmA. Protein will be extracted and separated on SDS-PAGE and transferred to Western 
5 blots. Antibodies to P-selectin will be used for Western immunoblots and P-selectin 

immunopercipitation using techniques that the inventors have previously described (Hallahan et 
a/., 1991a, Rubin et ai, 1991, Brachman et ai, 1991). The inventors will determine the half- 
life of P-selectin following irradiation by use of S-methionine labeling and 
immunoprecipitation. 

10 The inventors contemplate that P-selectin will be degraded by proteases following 

doses of 5 Gy and greater. The inventors contemplate that less P-selectin degradation will 
occur in the range of 1 -2 Gy . P-selectin may be internalized and recirculated as previous 
described. The inventors contemplate that protease inhibitors that are active in preventing 
apoptosis will also attenuate P-selectin degradation following irradiation. 

15 The intercellular signaling represents a novel paradigm for the study of the mechanisms 

of the radiation response. Moreover, these studies will utilize the vascular endothelium as a 
model for two reasons: Vascular injury is a principal component in the pathogenesis of 
radiation-mediated tissue injury and organs in which the endothelium plays a crucial functional 
role are among the most radiation sensitive organs. The inventors contemplate that intercellular 

20 signaling contributes to the biological response to ionizing radiation. 

The heterodimer CD1 1/CD18 (P2 integrin) on neutrophils is constitutively present on 
the plasma membrane and subcellular granules (Springer, 1990). CD1 1/CD18 on subcellular 
granules is translocated to the cell surface of neutrophils following leukocyte binding to 
selectins. Following neutrophil activation, this integrin achieves a more firm adhesion between 
25 the leukocyte and vascular endothelium and facilitates transendothelial migration (Springer, 
1990). The inventors' data indicate that leukocytes accumulate in irradiated blood vessels 
within a few hours of irradiation. In addition, the inventors have found that selectins are 
upregulated in irradiated vascular endothelium. The inventors contemplate that radiation- 
mediate upregulation of P-selectin on the luminal surface of blood vessels activates circulating 
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leukocytes to achieve more firm adhesion. The inventors will utilize immunofluorescence of 
CD1 1/CD18 on sections of irradiated blood vessels. 

C57BL6 mice will be irradiated as described above. The tissues that show P-selectin 
translocation to the vascular lumen will be studied in this study. For example, the inventors 

5 have shown that P-selectin is translocated to the vascular lumen in the irradiated blood vessels 
within the thorax (Hallahan and Virudachalam, 1997a). Tissues will be fixed, paraffin 
embedded and sectioned as the inventors have described (Hallahan and Virudachalam, 1997a, 
Hallahan and Virudachalam, 1997a, Hallahan et al % 1995b). Tissue sections will then be 
incubated with antibody to CD1 1 /CD 18 immunofluorescence microscopy and NIH image 

10 software will be utilized to quantify fluorescence as the inventors have described (Hallahan and 
Virudachalam, 1997a, Hallahan and Virudachalam, 1997a, Hallahan et al, 1995b). The 
inventors will determine whether the surface expression of CD1 1/CD1 8 is upregulated in 
leukocytes within irradiated blood vessels. 

The inventors contemplate that P-selectin will activate circulating neutrophils resulting 
15 in increased cell membrane expression of CD1 1/CD18. The contemplate expect that this is a 
mechanism of increased leukocyte margination within irradiated blood vessels. This will be 
verified by use of the P-selectin knockout mouse and by blocking antibodies to P-selectin. 

Monocyte tethering by P-selectin induces the expression of monocyte chemotactic 
protein-1 to TNF secretion (Weyrich et aL, 1995) and tissue factor (Celi et ai 9 1994). 

20 P-selectin-mediated monocyte production of MCP-1 , tissue factor or TNF expression can be 
attenuated by ± P-selectin blocking antibody (Weyrich et aL 9 1995, Celi et al y 1994). 
Moreover, increased monocyte procoagulant activity was blocked by antibodies to tissue factor 
or the P-selectin counterreceptor LeX (Lo et al, 1995). The inventors contemplate that 
P-selectin translocation to the vascular lumen will activate circulating leukocytes. The 

25 inventors will irradiated the vascular endothelium and assay for the induction of tissue factor, 
MCP-1, and TNF. 

Monocytes will be isolated from peripheral blood by countercurrent elutriation as 
previously described (Elstad et ai, 1988). Monocytes will be added to irradiated endothelial 
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cell cultures for 8 h. TNF, tissue factor (Celi et ai y 1994) and MCP-1 production will be 
quantified in the medium and cells by use of ELISA assays and northern blot analysis. 

In a separate study, immunofluorescence will be used to determine whether monocytes 
in the irradiated vasculature demonstrate MCP, TF or TNF expression. The role of P-selectin in 
5 this induction will be determined by the use of the P-selectin knockout mouse (Mayadas et al. , 
1993). Antibodies to each of the inducible factors will be incubated with tissue sections as 
described (Franco, 1997; Cell, 1994; Hallahan, 1997; Hallahan, 1997; Mauceri, 1996). 

The inventors contemplate that radiation-induced P-selectin will activate monocytes to 
produce cytokines, based on the inventors' observations that P-selectin is translocated and can 
10 activate monocytes in culture (Weyrich et al , 1995)^ 

The inventors' data indicate that ionizing radiation induces the translocation of 
P-selectin within the vascular endothelium both in vivo and in vitro. The inventors have also 
found that leukocyte margination occurs in irradiated blood vessels. Previous studies have 
shown that the P-selectin knockout mouse has an attenuated inflammatory response. P-selectin 

15 binds to its counterreceptor on leukocytes to initiate a signaling cascade resulting in 

inflammatory cell activation (Weyrich et al, 1995, Celi etal, 1994, Pouyani and Seed, 1995). 
The inventors contemplate that ionizing radiation-mediated intercellular signaling from the 
vascular endothelium to circulating leukocytes will be attenuated when the P-selectin gene is 
deleted from the mouse model. The inventors will irradiate the P-selectin knockout mouse and 

20 study leukocyte activation within the irradiated blood vessels. 

The inventors have obtained the P-selectin knockout mouse from Jackson Laboratories, 
and have bred them in the inventors' transgenic mouse core laboratory. When the mice reach 
the age of 5-6 wk, they will be irradiated as the inventors have previously described (Hallahan 
and Virudachalam, 1997a). The tissues that are identified as models will be excised and 
25 analyzed for leukocyte activation. The inventors have found that the vascular endothelium in 
the irradiated lung shows P-selectin translocation following thoracic irradiation (Hallahan and 
Virudachalam, 1997a). Therefore, the lung will serve as one model tissue and will be studied 
by immunohistochemistry using techniques that the inventors have previously described 
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(Hallahan and Virudachalam, 1997a, Hallahan and Virudachalam, 1997a). A time course of 
tissue fixation will be 1, 3, 5, and 10 h. The inventors will stain tissues for the presence of 
leukocytes by use of CD45 antibody as the inventors have described (Hallahan and 
Virudachalam, 1997a). 

5 The inventors contemplate that the P-selectin knockout mouse will have an attenuated 

inflammatory response with a reduction in the number of inflammatory cells, reduced 
CD1 1/CD1 8 translocation and diminished expression of P-selectin/inducible genes. 

The inventors contemplate that blocking von Willebrand factor binding to its 
counterreceptor will attenuate platelet activation by the irradiated vascular endothelium. 

10 Previous studies have demonstrated the feasibility of inhibiting vWF activity by use of 

either blocking antibody or dominant negative (Minamoto; Lankhof, 1996). The dominant 
negative genetic constructs encodes a mutated form of vWF that binds receptor but does not 
activate it (Lankhof, 1996). The inventors contemplate that the dominant negative genetic 
construct and the blocking antibody to von Willebrand factor will inhibit platelet activation by 

15 irradiated endothelial cells. The inventors will utilize blocking antibodies (Minamoto) and 
dominant negative genetic constructs (Lankhof, 1996) to von Willebrand factor added to 
endothelial cell cultures following irradiation. The inventors will also utilize blocking 
antibodies to the vWF receptor on platelets (Minamoto). 

HUVEC cells will be grown to near confluence and irradiated. vWF blocking antibody 
20 will be added to cell cultures with rocking. In a separate study, the dominant negative genetic 
construct Platelets will be isolated as described (platelet isolation and bracket) and added to 
irradiated endothelial cell cultures. 

Platelet activation will be determined by the following assays: platelet aggregates and 
free platelets will be counted on a hemocytometer and the ratio of aggregates to free platelets 
25 will be calculated, and platelet granule secretion 

The inventors contemplate that blocking von Willebrand factor binding to its 
counterreceptor will attenuate platelet activation by the irradiated vascular endothelium. The 
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inventors will utilize an in vivo model identified from the experiments described above in this 
example, which demonstrates von Willebrand factor translocation to the vascular lumen. The 
significance of this study is that von Willebrand Factor is associated with microangiopathy 
following total body irradiation for bone marrow transplantation (Ziegler, 1996). 

5 von Willebrand factor activates platelets by binding to the GP-lb receptor. This receptor 

is mutated in the Bernard-Soulier syndrome (White, Blood, 1 984). Following binding to GP-lb 
receptor, signal transduction is activated within platelets. Protein kinase A activates filamin 
which in turn activates Raf-kinase. Phosphoinositol 3-kinase then leads to Src-kinase 
activation (Clemetson, 1995). This signaling cascade can be blocked by recently described 

10 inhibitors, ticlopidine, and clopidogrel (Caen and Rosa, 1995). The inventors can therefore 
study the mechanisms of radiation-mediated platelet activation by use of these inhibitors of 
protein kinase A (ticlopidin, and propeditrol). The inventors will determine whether platelets 
are activated by quantifying the degree of platelet aggregation. 

Vascular endothelial cells will be grown and irradiated as described in above in this 
15 example. Platelets will be added to irradiated endothelial cell cultures. At various times after 
coincubation, platelets will be removed from cell culture and the number of single and 
aggregated platelets will be quantified by hemocymoter and flow cytometry. In separate 
studies, the role of PKA will be studied by use of the PKA inhibitors ticlopidine, clopidodrel, 
which will be added to platelets prior to incubation with endothelial cells. 

20 The inventors contemplate that irradiated endothelial cells with activate nonirradiated 

platelets through intercellular signal transduction. The classic signaling pathway that follows 
von Willebrand factor binding to GP-1, includes activation of PKA, raf kinase, and IP3-kinase. 

Platelets have recently been shown to role along the vascular endothelium which is 
dependent upon P-selectin translocation to the luminal surface of blood vessels (Frenette, 
25 PNAS, 1995). The P-selectin knockout mouse show a 40% prolongation in bleeding time and 
attenuation of hemorrhagic necrosis resulting from the Shwartzman-like reaction 
(Subramaniam, 1996). The inventors contemplate that intercellular signaling from P-selectin 
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contributes to platelet activation. The inventors will use of the P-selectin knockout mouse and 
P-selectin blocking antibodies injected prior to irradiation. 

Wild-type C57BL6 mice and the P-selectin knockout mouse (C57BL6 derived) have 
been obtained from Jackson Laboratories and bred in the University of Chicago transgenic 
5 mouse core laboratory. Mice will be irradiated as described above in this example. Platelet 
aggregation within blood vessels will be studied by use of immunohistochemistry with platelet 
markers, using techniques that the inventors have previously shown (Hallahan and 
Virudachalam, 1997a). 

P-selectin knockout eliminates P-selectin expression in all tissues including the 
10 endothelium and platelets. Therefore, this animal model is not specific for the intercellular 
signaling between platelets and leukocytes, but also affects leukocytes and endothelial 
interaction. P-selectin counterreceptor (PSGL-1) is present on monocytes and neutrophils. 
P-selectin is present on platelets and participates in platelet-leukocyte interactions (Furie, 1995 
#89). Platelet activation may initiate leukocyte interaction with the irradiated vascular 
15 endothelium. P-selectin induces tissue factor production in monocytes (Celi et ai 9 1994). The 
inventors will study the P-selectin blocking antibody in irradiated endothelial cells in vitro. 

The inventors expect that knockout P-selectin gene or P-selectin blocking antibodies 
will attenuated platelet aggregation in irradiated blood vessels. The inventors will determine 
whether other platelet activating signals from the endothelium such as PAF and thrombin factor 
20 participate in radiation mediated platelet aggregation using the methods described above in this 
example. 

Interleukin-8 is localized to Weibel Palade bodies within endothelial cells. This 
chemokine translocates to the luminal surface of endothelial cells following exocytosis. IL-8 
then binds to receptors on monocytes and neutrophils to activate diapadesis and gene 
25 expression. The inventors contemplate that IL-8 translocation to the cell membrane in 

irradiated endothelial cells will contribute to intercellular signaling from irradiated endothelial 
cells to non-irradiated leukocytes. The inventors will utilize the IL-8 blocking antibody added 
to irradiated endothelial cells. 
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To determine whether Interleukin 8 is translocated to the cell membrane of vascular 
endothelium following irradiation, the inventors will utilize both in vivo in vitro models. 
Endothelial cells will be grown and irradiated as described above in this example. 
Immunofluorescence staining for IL-8 will be performed using techniques that the inventors 
5 have previously described (Hallahan, 1997a; Hallahan, 1997b). Interleukin 8 remains tethered 
to the cell membrane and acts as a chemokine for leukocytes. Immunofluorescence will verify 
whether IL-8 translocates to the cell membrane. In a separate study, blocking antibody will be 
added to endothelial cell cultures prior to the addition of untreated leukocytes as described 
above. 

10 The inventors contemplate that IL-8 will participate in radiation mediated intercellular 

signal transduction. The inventors expect that blocking antibodies to IL-8 will attenuate 
activation of leukocytes by the irradiated vascular endothelium. 

The IL-8 receptor is located on leukocyte cell membranes. During leukocyte rolling 
over the vascular endothelial surface, the IL-8 receptor contacts this tether chemokine, resulting 
15 in activation of leukocytes. To study this model of intercellular signaling, an IL-8 receptor 
knockout mouse has been developed (IL-8 RKO). The inventors contemplate that mice 
deficient in the IL-8 receptor will have diminished activation of circulating leukocytes within 
irradiated blood vessels. The IL-8 receptor knockout mice will be irradiated and leukocyte 
activation will be studied. 

20 The IL-8 receptor knockout mouse will be bred in the inventors' transgenic core 

laboratory as the inventors have previously described (Hallahan and Virudachalam, 1997a). 
Tissues will be excised and fixed at various time intervals after irradiation (1, 3, 5, and 10 h 
after irradiation). The number of leukocytes adhering to the vascular endothelium will be 
quantified by staining for the leukocyte common antigen (LCA, CD45) and counting the 

25 number of inflammatory cells as the inventors have previously described (Hallahan and 
Virudachalam, 1997a). The inventors will then utilize immunohistochemistry and 
immunofluorescence to determine whether IL-8 mediated leukocyte activation is attenuated in 
the receptor knockout mouse. 
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The inventors contemplate that IL-8 translocation following irradiation of the vascular 
endothelium will contribute to the radiation response. In this regard, the inventors contemplate 
that knockout of the receptor for IL-8 will prevent radiation-mediated activation of leukocytes. 
Upon demonstration that the IL-8 receptor participates in intercellular signaling, the inventors 
5 will utilize IL-8 blocking antibodies to prevent radiation-mediated tissue injury. 

IL-8 functions as a chemokine by binding to leukocyte receptors and activating 
diapedisis and enhancing adhesion. The IL-8 blocking antibody has been shown to attenuate 
inflammatory cell activation in vivo (Harada). IL-8 is a component of WP bodies and may 
participate in intercellular signal transduction following irradiation of the vascular endothelium. 
1 0 The inventors will use the IL-8 blocking antibody injected into mice immediately after 
irradiation. 

Tissues will be excised and fixed at various time intervals after irradiation (1,3,5, and 
10 h after irradiation). The number of leukocytes adhering to the vascular endothelium will be 
quantified by staining for the leukocyte common antigen (LCA, CD45) and counting the 
15 number of inflammatory cells as the inventors have previously described (Hallahan and 
Virudachalam, 1997a). The inventors will then utilize immunohistochemistry and 
immunofluorescence to determine IL-8 mediated leukocyte activation is attenuation. 

Previous studies have shown that it is feasible to use the IL-8 blocking antibody in vivo 
to attenuate inflammatory cell activation (Harada). The inventors expect that the IL-8 antibody 
20 will attenuate intercellular signaling from the irradiated endothelium to circulating leukocytes. 

**************** 

All of the compositions and methods disclosed and claimed herein can be made and 
executed without undue experimentation in light of the present disclosure. While the 
25 compositions and methods of this invention have been described in terms of preferred 

embodiments, it will be apparent to those of skill in the art that variations may be applied to the 
composition, methods and in the steps or in the sequence of steps of the method described 
herein without departing from the concept, spirit and scope of the invention. More specifically, 
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it will be apparent that certain agents that are both chemically and physiologically related may 
be substituted for the agents described herein while the same or similar results would be 
achieved. All such similar substitutes and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the invention as defined by the appended 
claims. 
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CLAIMS: 

1 . A method for preventing or treating radiation damage in an animal patient exposed to 
radiation comprising administering to said patient a pharmaceutically acceptable composition 
comprising a P-selectin binding conponent. 

5 

2. The method of claim 1, further comprising administering to said patient a selected 
agent. 

10 

3. The method of claim 1, wherein said animal patient is a human. 

4. The method of claim 1, wherein said pharmaceutically acceptable composition may be 
15 administered to said animal patient in a topical, an oral or a parenteral formulation. 

5. The method of claim 1, wherein said pharmaceutically acceptable composition is a 
topical formulation. 

20 

6. The method of claim 1 , wherein said pharmaceutically acceptable composition is an oral 
formulation. 

25 

7. The method of claim 1 , wherein said pharmaceutically acceptable composition is a 
parenteral formulation. 
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8. The method of claim 1 , further comprising reducing or blocking the inflammatory 
response. 

5 9. The method of claim 1, wherein said P-selectin binding component inhibits the 
interaction of P-selectin with an inflammatory cell receptor. 

10. The method of claim 9, wherein said inflammatory cell receptor is a leukocyte receptor. 

10 

1 1 . The method of claim 1 , wherein said radiation is from radiotherapy. 

15 12. The method of claim 1, wherein said adminstration occurs from 15 minutes to 2 hours 
after exposure to raditation. 

13. The method of claim 1, wherein said administration occurs within 30 minutes of 
20 exposure to radiation. 

14. The method of claim 13, wherein said administration occurs within 15 minutes of 
exposure to radiation. 

25 

15. The method of claim 1 , wherein said administration is a single dose. 
30 16. The method of claim 1, wherein said administration is multiple doses. 
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1 7. The method of claim 1 , wherein said administration is a continuous dose. 

18. The method of claim 1 , wherein said P-selectin binding component is an antibody or a 
fragment therof, an oligosaccharide, a polysaccharide, a glycolipid, a glycoprotein, a cell or a 
cell ligand. 

19. The method of claim 18, wherein said P-selectin binding component is an antibody. 

20. The method of claim 19, wherein said antibody is a monoclonal antibody. 

21 . The method of claim 1 8, wherein said P-selectin binding component is a fragment of an 
antibody. 

22. The method of claim 21, wherein said fragment of an antibody is a scFv, a Fv, a Fab', a 
Fab or a F(ab')2. 

23. The method of claim 18, wherein said P-selectin binding component is an 
oligosaccharide. 

24. The method of claim 23, wherein said oligosaccharide is a PGSL, a glycyrrhizin, a 
carminic acid, a cylexin, a sialyl Lewis X/A oligosaccharide, a sialyl Lewis X/A mimic or a 
structural analogue thereof. 
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25. The method of claim 24, wherein said sialyl Lewis X/A oligosaccharide is a sialyl 
Lewis X, a sialyl Lewis A, a sialyl Lewis X/A, a sialyl Lewis pentasaccharide, a sialyl Lewis 
tetrasaccharide, a sulfated Le pentasaccharide, a sulfated Le tetrasaccharide, an amino 
substituted sLe a or a dimeric sialyl Lewis compound. 

26. The method of claim 25, wherein said sialyl Lewis X oligosaccharide is a sialyl Lewis*, 
a sLe x or a Neu5Aca2-3Gaipi-4 [Fucal-3]GlcNAc. 

27. The method of claim 25, wherein said sialyl Lewis A oligosaccharide is a sialyl Lewis 8 , 
a sLe a , a Neu5Aca2-3Gaipi-3 [Fucal-4]GlcNAc. 

28. The method of claim 1 8, wherein said polysaccharide is a polylactosamine 

29. The method of claim 1 8, wherein said glycoprotein is a Protein C, a 1 50 kD, a 230 kD 
or a 130 kD. 

30. The method of claim 1 8, wherein said cell is a T lymphocyte, a T leukocyte, a PMN, an 
eosinophil or a NK cell. 

3 1 . The method of claim 1 8, wherein said oligosaccharide, polysaccharide or glycolipid are 
formulated into a liposome preparation. 
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32. The method of claim 3 1 , wherein said liposome preparation is a cationic liposome, a 
DOTMA/DOPE, a DOTMA or a DORIE. 

5 33. The method of claim 1 8, wherein said oligosaccharide, polysaccharide or glycolipid are 
formulated into a protein or a polypeptide carrier. 

34. The method of claim 1 8, wherein said cell ligand is isolated from a leukocyte, a T cell 
1 0 or from a polymorphonuclear neutrophil. 

35. A method for delivering a selected agent to the vasculature of an animal subject 
comprising inducing P-selectin translocation to the lumen of a vascular endothelial cell and 

15 administering to said animal subject a composition comprising a P-selectin targeting 
component operatively associated with or attached to a selected agent. 

36. The method of claim 35, wherein said P-selectin translocation to said lumen of vascular 
20 endothelial cell is induced by an ionizing radiation, a heat or an oxidant. 

37. The method of claim 36, wherein said oxidant is a H 2 0 2 or an 0 2 . 

25 

38. The method of claim 37, wherein said ionizing radiation is a y-irradiation or a x-ray. 



39. The method of claim 35, wherein said animal subject is a human. 

30 
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40. The method of claim 35, wherein said adminstration occurs from 1 5 minutes to 2 hours 
after said inducing P-selectin translocation. 

5 41 . The method of claim 35, wherein said administrating occurs within 30 minutes of said 
inducing P-selectin translocation. 

42. The method of claim 35, wherein said administrating comprises a single dose. 

10 

43. The method of claim 35, wherein said administrating comprises a multiple dose. 

15 44. The method of claim 35, wherein said administrating comprises continuous 
administration. 

45. A method for delivering a selected agent to the disease-associated vasculature of an 

20 animal subject with a disease that has a vascular component, comprising inducing translocation 
of P-selectin to the lumen of disease-associated vascular endothelial cells and administering to 
said animal subject a composition comprising a P-selectin targeting compound operatively 
associated with a selected agent. 

25 

46. The method of claim 45, wherein said animal subject is a human. 



30 



47. The method of claim 45, wherein said disease with a vascular component is a solid 
tumor, a diabetic retinopathy, a vascular restenosis, an arteriovenous malformation (AVM), a 
meningioma or a vascular component-associated benign disease. 
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48. The method of claim 45, wherein said P-selectin translocation to said lumen of disease- 
associated vascular endothelial cells is induced by an ionizing radiation, a heat or an oxidant. 

49. The method of claim 48, wherein said oxidant is a H 2 0 2 or an 0 2 . 

50. The method of claim 48, wherein said ionizing radiation is a y-irradiation or an x-ray. 

5 1 . The method of claim 45, further comprising administration to said animal subject in a 
pharmaceutically acceptable formulation a composition of a second agent operatively 
associated with a selectin binding agent. 

52. The method of 5 1 , wherein said administration is a parenteral administration, an 
injection or an instillation into a disease site or a vascularized tumor site. 

53. The method of claim 48, wherein said P-selectin targeting compound is an antibody or a 
fragment therof, an oligosaccharide, a polysaccharide, a glycolipid, a glycoprotein or a cell. 

54. The method of claim 45, further comprising obtaining a tumor-infiltrating lymphocyte 
from said animal subject, treating said tumor-infiltrating lymphocyte with a second agent, and 
reintroducing said tumor-infiltrating lymphocyte. 
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55. The method of claim 54, wherein said second agent is a recombinant vector that is 
inserted into a TIL 

5 56. The method of claim 5 1 , wherein said second agent is a thrombolytic agent. 

57. The method of claim 56, wherein said thrombolytic agent is a streptokinase or an 
urokinase. 

10 

58. The method of claim 51, wherein said second agent is a chemotherapeutic agent. 

15 59. The method of claim 58, wherein said chemotherapeutic agent is a steroid, an 
anthracycline, a vinca alkaloid, an antibiotic, or an alkylating agent. 

60. The method of claim 58, wherein said chemotherapeutic agent is an epipodophy llotoxin, 
20 a neocarzinostatin (NCS), an adriamycin or a dideoxycytidine. 

6 1 . The method of claim 5 1 , wherein said second agent is a therapeutic polypeptide. 

25 

62. The method of claim 61, wherein said therapeutic polypeptide is an interferon-a 
(IFN-a), an interferon-Py (IFN-Py) an interleukin-12 (IL-12) or a tumor necrosis factor-a 
(TNF-a). 

30 

63. The method of claim 5 1 , wherein said second agent is a toxin. 
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64. The method of claim 63, wherein said toxin is a plant-, a fungus- or a bacteria-derived 
toxin. 

5 

65. The method of claim 63, wherein said toxin is a gelonin, a a-sarcin, an aspergillin, a 
restrictocin, a ribonucleases, a diphtheria toxin, a Pseudomonas exotoxin, a bacterial endotoxin, 
a lipid A, a ricin A chain, a deglycosylated ricin A chain or a recombinant ricin A chain. 

10 

66. The method of claim 5 1 , wherein said second agent is a fluorogenic, a paramagnetic or a 
radioactive ion. 

15 

67. The method of claim 66, wherein the paramagnetic ion is chromium (III), manganese 
(II), iron (III), iron (II), cobalt (II), nickel (II), copper (II), neodymium (III), samarium (III), 
ytterbium (III), gadolinium (III), vanadium (II), terbium (III), dysprosium (III), holmium (III) 
or erbium (III). 

20 

68. The method of claim 66, wherein the radioactive ion is iodine 123 , technicium 99 " 1 , 

111 188 186 67 131 90 * 125 • 211 

indium , rhenium , rhenium , copper , iodine , yttrium , iodine , astatine , 
gallium 67 , iridium 192 , cobalt 60 , radium 226 , gold 198 , cesium 137 or phosphorus 32 . 

25 



69. The method of claim 66, wherein the fluorogenic agents is gadolinium or renographin. 



WO 98/53852 



PCT/US98/10913 



-169- 

70. The method of claim 51 , wherein said second agent is a recombinant vector comprising 
a promoter operatively linked to a polynucleotide encoding a therapeutic polynucleotide or 
polypeptide. 

71 . The method of claim 70, wherein said promoter is an ionizing radiation-inducible 
promoter. 

72. The method of claim 71 , wherein said radiation-inducible promoter is an Egr~l 
promoter, a los promoter, a c-jun promoter or a TNF-a promoter 

73. The method of claim 70, wherein the promoter is a vascular endothelial cell specific 
promoter. 

74. The method of claim 73, wherien said vascular endothelial cell specific promoter is an 
Egr-1 gene promoter, an ICAM-1 gene promoter or an E-selectin gene promoter. 

75. The method of claim 70, wherein said therapeutic polypeptide is a p53, a pl6, a Rb, a 
WT1, an IFN-a, an IFN-py, an IL-12, a TNF-a, a thymidine kinase (tk) or a cytosine 
deaminase. 

76. The method of claim 70, wherein the recombinant vector is a retrovirus, an AAV, a 
HSV-1, a HPV, a vaccinia, an adeno-associated virus or an adenovirus. 

77. The method of claim 45, wherein the disease is a benign hyperproliferative disease. 



WO 98/53852 



PCT/US98/10913 



-170- 

78. The method of claim 45, wherein the disease is a malignancy. 

79. The method of claim 45, further comprising providing an additional dose of ionizing 
radiation after delivery of said selected agent. 

80. The method of claim 79, wherein said selected agent is a recombinant vector operatively 
associated with a P-selectin targeting component, wherein said vector comprises an ionizing 
radiation-inducible promoter operatively linked to a polynucleotide encoding a therapeutic 
polynucleotide or polypeptide. 

81. A method for determining the radiation exposure of an animal or patient comprising 
determining the level of P-selectin translocation to the lumen of vascular endothelial cells of an 
irradiated site of the animal or patient, wherein an increase in the P-selectin level, as compared 
to the level of P-selectin at said site in a non-irradiated animal or patient, is indicative of 
radiation exposure. 

82. The method of claim 8 1 , wherein said determining comprises (a) administering to said 
animal or patient an effective amount of composition comprising a P-selectin targeting 
component operatively associated with a detectable marker and (b) exposing the animal or 
patient to a device that detects said detectable marker. 

83. The method of claim 81, wherein said P-selectin targeting component is a glycyrrhizin, 
a carminic acid, a cylexin, a sialyl Lewis X, a sialyl Lewis A, a sialyl Lewis X/A, a sialyl Lewis 
X/A mimics or an antibody that binds immunologically to P-selectin. 
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84. The method of claim 83, wherein said detectable marker is a nuclear magnetic 
spin-resonance isotope or a radioactive isotope. 
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Abstract 



Previously, it was demonstrated that irnmunoliposomes, bearing anti-intercellular adhesion molecule- 1 (ICAM-1) 
antibodies (mAb F10.2), can specifically bind to different cell types expressing ICAM-1 . In this study, we have quantified the 
amount of immunoliposomes binding to I FN-y activated human bronchial epithelial cells (BEAS-2B) in vitro and studied the 
subsequent fate of cell-bound anti-ICAM-1 immunoliposomes. We demonstrate that binding of the immunoliposomes to the 
epithelial cells depends on the liposome concentration used. After binding to the cell surface, the anti-ICAM-1 
immunoliposomes are rapidly internalised by the epithelial cells. Sixty percent of cell-bound immunoliposomes were 
internalised by the epithelial cells within 1 h of incubation at 37°C. The results indicate that ICAM-1 targeted 
immunoliposomes may be used as carriers for the intracellular delivery of anti-inflammatory drugs to sites of inflammation 
characterised by an increased expression of ICAM-1. © 1999 Elsevier Science B.V. All rights reserved. 

Keywords: Immunoliposomes; Adhesion molecules; Drug delivery 



1. Introduction 

Adhesion molecules are cell surface glycoproteins 
that mediate physical and functional interactions be- 
tween two cells or between cells and their extracellu- 
lar matrix. They play an important role in many bio- 
logical processes as diverse as the complex 
organisation of tissues and organs, the migration of 
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cells during embryogenesis and the regulation of im- 
mune responses by mediating the communication be- 
tween different immune cells and the extravasation of 
inflammatory cells into inflamed tissues [1-3]. The 
process of leukocyte extravasation is induced by the 
local release of pro-inflammatory mediators (vasoac- 
tive amines and cytokines) at the site of inflamma- 
tion. This results in a locally induced or increased 
expression of a variety of adhesion molecules on en- 
dothelial cells, which allows multiple adhesive events 
with circulating leukocytes to occur. 

Intercellular adhesion molecule- 1 (ICAM-1) is an 
important adhesion molecule involved in the process 
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of leukocyte adhesion and extravasation. ICAM-1 is 
an immunoglobulin-like transmembrane glycoprotein 
that is constitutiveiy expressed at low levels on vas- 
cular endothelial cells, epithelial cells and on a subset 
of leukocytes and its expression is increased by the 
pro-inflammatory cytokines interferon-y (IFN-y), tu- 
mour necrosis factor a (TNF-a) or iriterleukin-1 (IL- 
1) [4-9]. Numerous studies have demonstrated a lo- 
cally enhanced ICAM-1 expression in inflammation- 
related diseases, such as rheumatoid arthritis [10], 
asthma [11,12], nephritis [13,14], inflammatory der- 
matosis [15,16], and atherosclerosis [17,18]. The in- 
creased expression of ICAM-1 and other cell adhe- 
sion molecules at sites of inflammation is under 
investigation for therapeutic intervention. Up-regu- 
lated expression of adhesion molecules may be uti- 
lised as targets for drug carrier systems for selective 
delivery of anti-inflammatory compounds to sites of 
inflammation. In this light, we have previously con- 
structed liposomes bearing antibodies to ICAM-1 
[19]. These, antibody-containing liposomes (immuno- 
liposomes) were shown to strongly bind to different 
cell types expressing ICAM-1 on their surface and 
their binding was positively correlated with the ex- 
pression level of ICAM-1 on the target cells. After 
this first report on immunoliposome targeting to cells 
expressing adhesion molecules, two other reports 
have appeared confirming this possibility [20,21]. 

Specific binding of immunoliposomes to their tar- 
get cells is an important prerequisite to fulfil but on 
its own not enough for effective drug delivery. As 
many drugs act at intracellular sites, it is required 
that immunoliposome-encapsulated drugs are deliv- 
ered intracellular^. In principle, three routes that 
may lead to intracellular delivery of encapsulated 
compounds can be discerned. Firstly, immunolipo- 
somes may, after specific cell binding, release their 
contents in close proximity of the target cells, with 
subsequent cellular uptake of released molecules. 
Secondly, immunoliposomes may fuse with, the cell 
membrane, thereby releasing their contents into the 
cytosol. Thirdly, cell-bound immunoliposomes may 
be internalised by the target cells via receptor-medi- 
ated endocytosis, followed by the intracellular release 
of encapsulated agents. Whether immunoliposomes 
will be internalised or not is dependent on a variety 
of factors, such as liposome size [22-25], type of cell 
and type of target receptor [26-28]. Targeting of im- 



munoliposomes to receptors with known internalis- 
ing capacities (e.g. transferrin receptor, low density 
lipoprotein-receptor, epithelial growth factor recep- 
tor) will likely result in internalisation of bound im- 
munoliposomes, provided that they are relatively 
small in size (<0.2 Jim) [29-31]. On the other 
hand, it has been shown that immunoliposomes tar- 
geted to non-internalising cell surface molecules on 
tumour cells remain located at the cell surface [32]. 

Here, we report on the interaction of ICAM-l-di- 
rected immunoliposomes with ICAM-1 expressing 
human bronchial epithelial cells in vitro. We have 
quantified the degree of cell binding of ICAM-l-di- 
rected liposomes and we demonstrate that specific 
binding of these immunoliposomes to ICAM-1 on 
the bronchial epithelial cell line BEAS-2B triggers 
rapid internalisation of cell-bound immunolipo- 
somes. The results are discussed in the context of 
targeted drug delivery to sites of inflammation, char- 
acterised by an increased expression of ICAM-1. 

2. Materials and methods 

2.L Materials 

2.LL Liposome-related materials 

Cholesterol (CHOL), A r -succinimidyl-S , -acetyl- 
thioacetate (SATA), //-ethylmaieimide, and calcein 
were obtained from Sigma (Rockford, IL, USA). 
Chloroform and methanol (pro analysi) were ob- 
tained from Merck (Darmstadt, Germany), and 
A^-dimethylformamide (DMF) and hydroxylamine 
hydrochloride from Janssen Chimica (Geel, Bel- 
gium). Partially hydrogenated egg phosphatidylcho- 
line with an iodine value of 40 (PHEPC; Asahi, Ibar- 
akiken, Japan) was prepared as described previously 
[33], Egg phosphatidylglycerol (EPG) was kindly do- 
nated by Nattermann (Cologne, Germany), N-[4-(p- 
maleimidophenyl) butyryljphosphatidylethanolamine 
(MPB-PE) was synthesised as described before 
[32,34]. 

2.1.2. Cell-related materials 

IFN-y was purchased from Boehringer-Mannheim 
(Mannheim, Germany), keratinocyte medium (kera- 
tinocyte-SFM) and supplements for keratinocyte- 
SFM, containing recombinant human epithelial 
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growth factor (rhEGF), and bovine pituitary extract 
came from Gibco, Grand Island, NY, USA. Bovine 
serum albumin (fraction V), fluorescein isothiocya- 
nate (FITC)-labelled goat anti-mouse F10.2 IgG 
(Fab'-specific) and J?-phycoerythrin (PE)-labelled 
goat anti-mouse IgG were obtained from Sigma. 
Anti-ICAM-1 mAb (IgGi), clone F10.2 was pre- 
pared and isolated as described before [35]. Form- 
aldehyde was obtained from Janssen (Geel, Bel- 
gium). 

2.2. Cell culture 

The human bronchial epithelial cell line BEAS-2B 
obtained from Dr J.F. Lechner (National Institutes 
of Health, Bethesda, MD, USA) was cultured in se- 
rum-free keratinocyte medium, supplemented with 
bovine pituitary extract (25 M-g/ml), rhEGF (2.5 ng/ 
ml) and gentamicin (50 |ig/ml). In order to obtain an 
enhanced expression of ICAM-1, BEAS-2B cells 
were stimulated with IFN-y (200 U/ml) 24 h prior 
to use in immunoliposomes binding and internalisa- 
tion experiments [7]. BEAS-2B cells were cultured at 
37°C with 5% C0 2 in humidified air. 

2.3. Preparation of immunoliposomes 

Immunoliposomes, bearing covalently coupled 
F10.2 mAbs on their surface, were prepared as de- 
scribed previously [19]. In short, liposomes were 
made from PHEPC, EPG, CHOL, and MPB-PE 
(38.5:4:16:0.06 molar ratio) by lipid film hydration 
and subsequent extrusion through 0.2 |im polycar- 
bonate filters [36]. When indicated, calcein was in- 
corporated as an aqueous marker at a concentration 
of 90 mM and/or rhodamine-PE at an amount of 
0.1 mol% of total lipid. Freshly thiolated mAb 
F10.2 (100 (ig/ml final concentration) was added to 
the liposomes (73.3 (imol phospholipid/8 ml) and in- 
cubated for 1 h and 45 min at room temperature 
under constant rotation. The coupling reaction was 
terminated by adding 50 \il of freshly prepared 8 mM 
AT-ethylmaleimide in HEPES buffer (10 mM HEPES; 
1 mM EDTA; 135 mM NaCl pH 7.4). Liposomes 
were separated from unconjugated mAbs by ultra- 
centrifugation (4 runs of 30 min at 60000Xg) and 
stored at 4°C. As a control in binding and internal- 
isation experiments, liposomes with the above men- 



tioned composition were used without conjugated 
F10.2 mAb. 

2.4. Liposome characterisation 

Mean particle size was determined by dynamic 
light scattering as described before [19]. Mean size 
of liposomes was 0.2-0.25 \im with a polydispersity 
index varying from 0.06 to 0.15. Phospholipid con- 
centration was determined by the colorimetric meth- 
od of Fiske and Subbarow [37]. The amount of con- 
jugated IgG on the liposomal surface was determined 
with the Bio-Rad DC protein assay kit (Bio-Rad 
Laboratories, Hercules, CA, USA) with mouse IgG 
as standard. The protein coupling ratios for the dif- 
ferent batches of immunoliposomes were in the range 
of 2-A |ig IgG/^mol phospholipid, which corre- 
sponds to approximately 7-15 IgG molecules per lip- 
osome. 

2.5. Quantification of the degree of cell binding 

IFN-y-activated BEAS-2B cells were detached 
from culture flasks with trypsin/EDTA (Gibco) in 
phosphate-buffered salt solution (PBS) for 5 min at 
37°C, pelleted by centrifugation (5 min at 750 Xg) 
and washed once with immunofluorescence (IF) buff- 
er (1% bovine serum albumin and 0.05% sodium 
azide in PBS, pH 7.4). A typical washing step in- 
volved resuspension of cells into 1 ml of indicated 
buffer, followed by centrifugation (5 min at 
750 Xg). Cells (2.5 X10 5 cells for each sample) were 
resuspended in 300 |il of IF buffer containing varying 
concentrations of control liposomes or F10.2 immu- 
noliposomes with entrapped calcein as fluorescent 
label. Cells were incubated in the presence of lipo- 
somes for 1 h on ice, washed three times with IF 
buffer to remove unbound liposomes and resus- 
pended in 300 \i\ IF buffer before a sample of 50 (il 
was taken (corresponding to 2.5 X 10 4 cells). Samples 
were diluted with 150 ^1 of 1% Triton X-100 in PBS 
and incubated for 15 min at room temperature. Solu- 
bilised samples were transferred to a 96-well plate 
and the fluorescence intensity of the sample was 
measured with a LS-50B luminescence spectrometer 
(Perkin Elmer, Beaconsfield, Bucks, UK) with exci- 
tation wavelength set at 490 nm and emission at 
520 nm. A reference curve was constructed from cal- 
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cein-containing F10.2 iramunoliposomes with a 
known phospholipid concentration. Background val- 
ue was obtained from solubilised cells without prior 
incubation with liposomes. 

2.6. Cellular internalization assays 

2.6.1. Determination of the amount of cell surface- 
bound immunoliposomes as a function of 
incubation time 

Cell surface-bound F10.2 immunoliposomes were 
determined by indirect immunofluorescence analysis 
as described by Suzuki et al. [38]. In short, IFN-y- 
activated BEAS-2B cells (2X10 5 ) were detached 
from culture flasks using trypsin/EDTA and 2 x10 s 
cells were incubated with F10.2 immunoliposomes 
(0.5 [tmol phospholipid/ml) in a total volume of 
200 u\l keratinocyte medium for 60 min on ice. Cells 
were washed twice with ice-cold keratinocyte me- 
dium, resuspended into 300 u\l medium and cultured 
for 0-3 h at 37°C. Cells were washed once with IF 
buffer and incubated with goat anti-mouse IgG fluo- 
rescently labelled with phycoerythrin (100 fold di- 
luted in IF buffer) for 30 min on ice. After washing 
twice with IF buffer, cells were analysed by flow 
cytometry using a FACscan flow cytometer (Becton 
and Dickinson, Mountain View, CA, USA). The 
procedure above was also performed on formalde- 
hyde-fixed cells (cells were fixed by incubating with 
2% formaldehyde in PBS for 10 min at room temper- 
ature). 

2.6.2. Determination of intracellular calcein 
Detached IFN-y-stimulated BEAS-2B cells were 

incubated with calcein containing F10.2 immunolipo- 
somes as described in Section 2.6.1. After two wash- 
ing steps with ice-cold keratinocyte medium to re- 
move the unbound liposomes, cells were cultured at 
37°C for varying time periods (0-2 h). Hereafter, 
cells were incubated for 10 min in citric acid buffer 
(40 mM citric acid, 120 mM NaCl, pH 3.0), washed 
twice with IF buffer and analysed by flow cytometry 
using a FACscan flow cytometer for cell-associated 
calcein fluorescence. The mean fluorescence intensity 
of 10000 cells was determined for each sample. 

2.6.3. Confocal laser microscopy 

In these experiments, the F10.2 immunoliposomes 



contained encapsulated calcein (90 mM) as a fluores- 
cent aqueous content marker and were labelled with 
rhodaraine-PE as a liposomal lipid marker. De- 
tached, IFN-y-stimulated BEAS-2B cells were mixed 
with F10.2 immunoliposomes in keratinocyte me- 
dium on ice as described above (Section 2.6.1). Cells 
were washed once with IF buffer and once with ker- 
atinocyte SFM medium and resuspended into 300 ul 
medium. Subsequently, cells were incubated for vary- 
ing time periods (0-60 min) at 37°C. Thereafter, cells 
were either washed twice with IF buffer or three 
times with citric acid buffer (pH 3.0) and once with 
IF buffer (pH 7.4). Cells were then fixed with 2% 
formaldehyde in PBS for 1 h on ice and fixed to 
slides. Fixed cells were analysed for fluorescence us- 
ing a laser confocal scanning microscope (Leica TCS 
NT Laser confocal scanning microscope, Heidelberg, 
Germany). By using filters of 525-550 nm and > 590 
nm, rhodamine and calcein fluorescence could be de- 
tected separately. 

3. Results and discussion 

3.7. Quantification of the degree of cell binding 

In a previous study, we have demonstrated that 
F10.2 immunoliposomes are able to specifically 
bind to different cell types expressing ICAM-1. The 
degree of cell binding appeared to be positively cor- 



16 




0 1 2 3 4 5 



Liposomes added (jimol PL/ml) 

Fig. 1. Effect of liposome concentration on the extent of lipo- 
some binding to BEAS-2B cells. INF-y-stimuIated BEAS-2B 
cells (1X10 6 cell/ml) were incubated with F10.2 immunolipo- 
somes (•) or with control liposomes (O) for 1 h on ice. After 
removal of unbound liposomes, cell-associated calcein fluores- 
cence was determined with a fluorometer (n = 3). 
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related with the degree of ICAM-1 expression [19]. In 
this study, we have quantified the degree of binding 
of F10.2 immunoliposomes to IFN-y-activated 
BEAS-2B cells. The activated epithelial cells were 
used as a model system to study targeting efficiency 
of F10.2 immunoliposomes to cells with an increased 
expression of ICAM-1 as found at sites of inflamma- 
tion. The degree of binding of F10.2 immunolipo- 
somes to IFN-y-stimulated BEAS-2B cells was fluo- 
rometrically determined by analysing cell-associated 
calcein fluorescence after cells were incubated with 
calcein-containing F10.2 immunoliposomes for 1 h 
on ice. Fig. 1 shows that the absolute amount of 
cell-bound immunoliposomes increased with increas- 
ing concentrations of calcein-containing F10.2 immu- 
noliposomes. Control liposomes with the same lipid 
composition but without conjugated F10.2 mAbs 
showed a much lower degree of cell binding. From 
the calcein fluorescence values, the number of bound 
liposomes per cell can be estimated, assuming an 
average of 1.5 phospholipid bilayers per liposome 
and an average size of 200 nm (Fig. 2). At the highest 
concentration of F10.2 immunoliposomes used, ap- 
proximately 15400 liposome particles are estimated 
to be bound per cell. However, at such high concen- 
trations, liposomes without conjugated F10.2 mAbs 



also show considerable cell binding (4200 liposomes 
bound per cell), indicating that at high liposome con- 
centrations part of the cell binding is mediated by 
other interactions than antibody-antigen interaction. 
Therefore, the experiments described below were car- 
ried out with immunoliposome concentrations of 
300-500 rnnol phospholipid/ml, at which the binding 
ratio of F10.2 immunoliposome versus control lip- 
osomes is maximal. At these concentrations, approx- 
imately 4000-7000 F10.2 immunoliposomal particles 
were binding per cell as compared to only 200-300 
particles in case of control liposomes. 

3.2. Determination of the amount of cell surface- 
bound F10.2 immunoliposomes as a function of 
incubation time 

Cell surface-bound F10.2 immunoliposomes were 
determined by indirect immunofluorescence analysis 
as a function of incubation time at 37°C. Cells were 
incubated with F10.2 immunoliposomes for 1 h on 
ice and after removal of unbound particles, the cells 
were cultured at 37°C for varying time periods before 
analysis by flow cytometry. The amount of immuno- 
liposomes that could be detected on the surface of 
BEAS-2B cells with FITC-conjugated antibodies di- 
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Liposomes added (^imol PL/ml) 

Fig. 2. Effect of liposome concentration on the number of liposomes bound per cell. IFN-y-stimulated BEAS-2B cells were incubated 
with F10.2 immunoliposomes (black bars) or with control liposomes (white bars) essentially as described in Fig. 1. The exact values 
of the number of bound liposomes are depicted above each bar. Results of a typical experiment are shown. 
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Fig. 3. Determination of cell surface-bound F10.2 immunolipo- 
somes on BEAS-2B cells during prolonged incubation periods 
at 37°C Intact (•) or formaldehyde-fixed (O) cells (1 X 10 6 /ml) 
were incubated with F10.2 immunoliposomes (500 nmol phos- 
pholipid/ml) for 1 h on ice, washed twice with keratinocyte- 
SFM medium (without serum), and then cultured at 37°C in 
SFM medium for the indicated time periods. Subsequently, cells 
were labelled with phycoerythrin-conjugated goat anti-mouse 
mAbs and analysed by flow cytometry (n = 4). 



rected against the liposome conjugated antibodies 
decreased during prolonged incubation times at 
37°C (Fig. 3). After 1 h incubation at 37°C, 60% of 
the starting amount of cell-bound liposomes had dis- 
appeared from the cell surface. Control experiments 
using cells fixed with formaldehyde prior to liposome 
binding did not show any reduction in the amount of 
cell-bound F10.2 immunoliposomes, indicating that 
the decrease of cell surface-bound immunoliposomes 
is not caused by dissociation of immunoliposomes 
from the cell surface, but is related to an active cel- 
lular process. This finding strongly suggested that 
F10.2 immunoliposomes are internalised by BEAS- 
2B cells. 

3.3. Calcein release from F10.2 immunoliposomes 
during cellular internalisation 

The next step was to look at the fate of the encap- 
sulated fluorescent marker calcein upon internalisa- 
tion of F10.2 immunoliposomes by BEAS-2B cells. 
Cells were incubated with F10.2 immunoliposomes 
for 1 h on ice and unbound particles were washed 
away. Hereafter, cell-associated calcein fluorescence 
was determined by flow cytometry, either directly or 
after 1 h incubation at 37°C (Fig. 4). The results 
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Cell-associated catcein fluorescence 
Fig. 4. Flow cytometric analysis of cell-associated calcein fluo- 
rescence. BEAS-2B cells were incubated with F10.2 immuno- 
liposomes (500 nmol phospholipid/ml) on ice and unbound lipo- 
somes were removed. Thereafter cells were either directly 
analysed for associated calcein fluorescence (solid line) or after 
1 h incubation at 37°C (dotted line). Autofluorescence of 
BEAS-2B cells is also illustrated (in black). 



show that after 1 h incubation at 37°C, the amount 
of cell-associated calcein fluoresence had increased in 
comparison with the cell-associated calcein fluores- 
cence before the 1 h incubation at 37°C. As calcein 
is encapsulated in the liposomes at a quenching 
concentration (90 mM), an increase of calcein 
fluorescence intensity can be explained as a de- 
quenching effect due to calcein release from the 
liposomes. 

In order to demonstrate that dequenching of cal- 
cein fluorescence is caused by the intracellular release 
of calcein from internalised F10.2 immunoliposomes 
and not merely by extracellular leakage of encapsu- 
lated calcein from cell-bound F10.2 immunolipo- 
somes, an attempt was made to remove the cell- 
bound immunoliposomes by short exposure to low 
pH (10 min at pH 3.0). It is described in the litera- 
ture that such exposure to low pH will liberate im- 
munoliposomes from the cell surface, without dis- 
rupting the cell membrane [39,40]. However, 
confocal laser microscopic analysis showed us that 
acidic exposure of BEAS-2B cells does not result in 
the detachment of bound F10.2 immunoliposomes 
from the cell surface, but rather in release of calcein 
from the cell-bound liposomes (see below, Fig. 
6B,D). Nevertheless, acidic treatment of cells can 
be used to discriminate between immunoliposome- 
encapsulated calcein located at the cell surface from 
internalised immunoliposome-encapsulated calcein as 
this method completely removes immunoliposome- 
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Incubation time at 37°C (min) 

Fig. 5. Flow cytometric analysis of immunoliposome-encapsulated calcein internalisation into BEAS-2B cells. Cells (I X 10 6 cells/ml) 
were incubated with F10.2 immunoliposomes at a concentration of 500 nmol phospholipid/ml for 1 h on ice, washed twice with kera- 
tinocyte-SFM medium and incubated at 37°C in SFM medium for the indicated time periods. Thereafter, cells were exposed to acidic 
condition (citric acid buffer, pH 3.0) for 10 min and washed twice with IF buffer before flow cytometric analysis (* = 2). 



encapsulated calcein fluorescence located at the cell 
surface. The acid treatment method was used to de- 
termine the degree of intracellular calcein-fluores- 
cence as a function of incubation time at 37°C 
(Fig. 5). For this experiment, cells were pre-incu- 
bated with F10.2 immunoliposomes for 1 h on ice 
to load cells with immunoliposomes. Hereafter, ceils 
were cultured at 37°C for varying time periods fol- 
lowed by acid treatment to remove the calcein from 
immunoliposomes located at the cell surface. Fig. 5 
shows that the amount of intracellular calcein fluo- 
rescence increases at increasing incubation times at 
37°C. The observation that cell-associated calcein 
fluorescence decreases after 2 h incubation at 37°C 
may be caused by intracellular compounds that are 
able to quench the calcein fluorescence. For example, 
Fe 2+ ions present in the cell will quench calcein fluo- 
rescence [41]. However, the possibility that calcein 
that is released intracellularly will subsequently leak 
out of the cells cannot be excluded. 



3.4. Confocal laser microscopic analysis of F10.2 
immunoliposome internalisation and subsequent 
intracellular release of calcein 

We have further analysed the process of liposome 
internalisation by confocal laser microscopy (Fig. 6). 
Cells were incubated with F10.2 immunoliposomes 
containing two fluorescent markers; rhodamine-PE 
as a lipid marker and encapsulated calcein as an 
aqueous marker. After incubation for 1 h at 4°C, 
both calcein fluorescence and rhodamine fluorescence 
were observed associated with the cell membrane 
(Fig. 6A). By superimposing two pictures taken with 
two different filter settings (525-550 nm and > 590 
nra)j it can be seen that the liposomal membrane 
marker rhodamine-PE and the aqueous marker cal- 
cein are co-localised as visualised by the yellow fluo- 
rescence. Calcein fluorescence, but not rhodamine 
fluorescence, could be removed from the cell surface 
by exposing the cells for 10 min to pH 3.0 (Fig. 6B). 



Fig. 6. Confocal laser microscopic analysis of the internalisation of F10.2 immunoliposomes containing calcein and rhodamine-PE as 
fluorescent tracers into IFN-y-activated BEAS-2B cells. BEAS-2B cells were incubated with F10.2 immunoliposomes either for 1 h on 
ice (A,B) or for 1 h on ice and subsequently for 1 h at 37°C (C,D). Thereafter, cells were either directly analysed by confocal laser 
microscopy (A,C) or exposed to citric acid buffer (pH 3.0) for 10 min (B,D) before analysis. Used filter settings were 525-550 nm 
(green fluorescence) and > 590 nm (red fluorescence). Superimposed pictures of both filter settings are also illustrated. 
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ABSTRACT Controlling receptor-mediated inter- 
actions between cells and template surfaces is a cen- 
tral principle in many tissue engineering procedures 
(1-3). Biomaterial surfaces engineered to present 
cell adhesion ligands undergo integrin-mediated mo- 
lecular interactions with cells (1, 4, 5), stimulating cell 
spreading, and differentiation (6-8). This provides a 
mechanism for mimicking natural cell-to-matrix in- 
teractions. Further sophistication in the control of 
cell interactions can be achieved by fabricating sur- 
faces on which the spatial distribution of ligands is 
restricted to micron-scale pattern features (9-14), 
Patterning technology promises to facilitate spatially 
controlled tissue engineering with applications in the 
regeneration of highly organized tissues. These new 
applications require the formation of ligand patterns 
on biocompatible and biodegradable templates, 
which control tissue regeneration processes, before 
removal by metabolism. We have developed a 
method of generating micron-scale patterns of any 
biotinylated ligand on the surface of a biodegradable 
block copolymer, polylactide-poly (ethylene glycol). 
The technique achieves control of biomolecule de- 
position with nanometer precision. Spatial control 
over cell development has been observed when using 
these templates to culture bovine aortic endothelial 
cells and PC 12 nerve cells. Furthermore, neurite ex- 
tension on the biodegradable polymer surface is di- 
rected by pattern features composed of peptides con- 
taining the IKVAV sequence (15, 16), suggesting that 
directional control over nerve regeneration on bio- 
degradable biomaterials can be achieved. — Patel, N., 
Padera, R., Sanders, G. H. W., Cannizzaro, S. M., Da- 
vies, M. C, Langer, R., Roberts, C. J., Tendler, 
S. J. B., Williams, P. M., and Shakesheff, K. M. Spa- 
tially controlled cell engineering on biodegradable 
polymer surfaces. FASEB J, 12, 1447-1454 (1998) 

Key Words: tissue ertgineemig • neurite extension • integrins 
• patterning 

The elucidation of biomolecular pathways that de- 
termine cell behavior during tissue development has 



created the possibility of bioengineering complex tissue 
structures (17-19). This bioengineering is dependent 
on the generation of cellular microenvironments that 
mimic those encountered during natural development 
(1, 20, 21). For example, biodegradable polymer sur- 
faces can be engineered to present peptides containing 
the amino acid sequence RGD (1, 22-24). This se- 
quence binds to integrin receptors on cell surfaces, in- 
ducing cell spreading and intracellular signaling, hence 
mimicking cell-to-extracellular matrix interactions (4- 
6). The design of these biomimetic surfaces has been 
used within the field of tissue engineering to control 
cell behavior of many tissue types, including cartilage 
and liver tissues (25, 26). 

An important challenge in tissue engineering is to 
apply the principles of molecular biology to control 
the spatial organization of cells. This is vital in the 
bioengineering of tissues that require precisely de- 
fined cellular architectures. For example, the func- 
tioning of tissues such as nerves and blood vessels is 
dependent on the controlled orientation of cells. For 
many tissue types, the spatial organization of cells is 
required to ensure that cell-to-cell interactions occur 
(18, 27, 28). These interactions are essential in cell 
phenotype preservation (29). 

Achieving spatially controlled cell engineering re- 
quires parallel development in molecular biology 
and biomimetic materials technology. In the field of 
molecular biology, there has been a continuing re- 
finement in the our understanding of Hgand-to-cell 
adhesion receptor interactions. This has generated a 
large number of cell adhesion motifs that can control 
cell adhesion behavior via specific receptor interac- 
tions (30, 31). In the design of biomimetic materials, 
the aim is to use these motifs to promote cell inter- 
actions with synthetic materials. Most biomimetic ma- 
terials for cell engineering have been based on bio- 
degradable polymers, which are removed from the 
engineered tissues by hydrolysis and cUsspl^ 
breakdown products (32). The major technological. 
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challenge in the fabrication of these biomimetic ma- 
terials is the development of techniques of engineer- 
ing biodegradable polymer surfaces (1, 33) . This sur- 
face engineering has been used to immobilize motifs 
homogeneously over surfaces. However, to fabricate 
biomimetic materials for spatially controlled cell en- 
gineering, it is necessary to restrict motif immobili- 
zation to predefined micron-scale patterns. 

Recent advances in patterning technology have 
generated a range of techniques with which biomo- 
lecules can be immobilized on surfaces with micron- 
scale precision. These techniques include litho- 
graphic methods (34) that use patterned masks to 
restrict the location of interactions between a beam 
of light, ions or electrons, and a surface (12) and 
micro-contact printing techniques (35). Most pat- 
terning techniques have been developed on a small 
set of materials with chemical modifications that re- 
quire highly specialized surface reactions. This can 
restrict the types of ligands and surfaces that can be 
patterned. The objective of the current work was to 
develop a generic technology that can form patterns 
of any ligand onto a biodegradable polymer surface. 

As with many aspects of tissue engineering re- 
search, this work requires a multidisciplinary strategy 
that combines molecular biology with biodegradable 
polymer synthesis, surface engineering and analysis, 
and patterning technology. Our method generates 
micron-scale patterns of any biotinylated ligand. on 
the surface of a biodegradable block copolymer, 
polylactide-poly(ethylene glycol) (PLA-PEG) 7 Nano- 
meter control over the location of biomolecule has 
been achieved. This control has been confirmed by 
molecular resolution of protein molecules on the pat- 
terned surfaces using atomic force microscopy 
(AFM). Spatial control over cell development has 
been observed when using these templates to culture 
bovine aortic endothelial cells and PC12 nerve cells. 
In addition, directional control over neurite exten- 
sion from PC12 cells has been achieved on patterns 
composed of peptides containing the IKVAV se- 
quence (15, 16) through precise control of the lo- 
cation of receptor-mediated interactions. 



MATERIALS AND METHODS 
PLA-PEG-biolin synthesis 

ct-Amine o-hydroxy PEG (Shearwater Polymers, Inc.; average 
mol wt, 3.8k) was stirred overnight with NHS-biotin (Fluka, 
Milan, Italy) and triethylamine in methylene chloride and ace- 



2 Abbreviations: AFM, atomic force microscopy; av-R, rho- 
damine-labeled avidin; BAECs, bovine aortic endothelial cells; 
DMEM, Dulbecco's modified Eagle's medium; NGF, nerve 
growth factor; NMR, nuclear magnetic resonance; PBS, phos- 
phate-buffered saline; PDMS, poly(dimethyl siloxane); PLA- 
PEG, polylactide-poly (ethylene glycol). 



tonitrile, at room temperV&ire, under argon. The biotinylated 
PEG was then isolated by vacuum filtration and dried azeo- 
tropically from toluene. Then recrystallized (l-)lactide was pol- 
ymerized from the o-hydroxy PEG-biotin end by refluxing in 
toluene, using stannous 2-ethylhexanoate as a catalyst PLA- 
PEG-biotin was precipitated from a methylene chloride solu- 
tion by the addition of cold ether. 

! H-NMR (nuclear magnetic resonance) at each stage con- 
firmed the attachment of biotin to the PEG chain. Specifically, 
attachment of biotin-NHS to the end group amine of examine 
0>-hydroxy PEG to form an amide bond was confirmed by shift 
of the free amine protons to an amide proton at 7.8 ppm and 
the appearance of a triplet (methylene from biotin arm alpha 
to the amide) at 2.05 ppm. The proton signals from the bi- 
cyclic biotin structure owing to the (2)methine protons (4,3 
and 4.2 ppm) and urea protons (6.45 and 6.35 ppm) can be 
seen throughout the synthesis of PLA-PEG-biotin: the biotin 
structure remains intact and is not damaged from the lactide 
polymerization onto HO-PEG-biotin. 

The molecular weight of the PLA-PEG-biotin was deter- 
mined by 'H-NMR, using the PEG signal as a reference. Gel 
permeation chromatography revealed one peak indicative of 
pure material. PLA molecular weight for this study was 9.2k. 

Mold fabrication 

A patterned poIy(dimethyl siloxane) (PDMS) mold was 
formed by curing its prepolymer (Syigard 184, Dow Coming) 
on a patterned master prepared photolithographically by ex- 
posing and developing a photoresist pattern on gallium/ar- 
senide wafers (36). The PDMS mold bearing the negative pat- 
tern of the master was peeled off and washed repeatedly with 
ethanol, hexane, and de-ionized water. After drying under ar- 
gon, the mold was placed onto an epitaxially grown gold sur- 
face (see Fig. 2) (37). The capillaries were rendered hydro- 
philic by plasma treatment with O s (load coil power A 200 W) 
for 1 s (Bio-Rad RF Plasma Barrel Etcher) 

Avidin pattern formation 

Within 1 min of plasma treatment, the mold was placed onto 
a film of the PLA-PEG-biotin. The polymer film was formed 
from a 1 mg/mL solution of the polymer in trifluoro ethanol, 
drop cast onto a polystyrene substrate, and dried under vac- 
uum. A 500 ug/ml solution of rhodamine-labeled avidin (av- 
R) (Sigma, Dorset, U.K.) was prepared using distilled water. 
Approximately 1 mL of this av-R solution was dropped onto 
the PLA-PEG-biotin surface. The drop was positioned so that 
the av-R solution wetted an end of the mold where the capil- 
laries were open. After 1 h of contact, the av-R solution was 
removed by blotting and replaced with approximately 20 ml 
of distilled water; after 5 min, the water was removed. This 
washing procedure was repeated five times. Then the sample 
was immersed in water and the mold removed by peeling the 
PDMS and PLA-PEG-biotin surfaces apart. The sample was 
washed with an additional 100 mL of water. 

Atomic force microscopy 

Images were obtained using a Digital Instruments (Santa Bar- 
bara, Calif.) multimode scanning probe microscope with a 
Digital Instruments Nanoscope Ilia controller. Images were 
acquired in tapping mode using sharpened silicon nitride tips 
with cantilever resonance frequencies in the range of 307-375 
kHz. Simultaneous topographic and phase images were ob- 
tained at a scan rate of 1 Hz. 

Cell culture 

All reagents were obtained from Sigma unless otherwise 
noted. Bovine aortic endothelial cells (BAECs) were main- 
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Figure L Schematic representation of the surface engineering 
of PLA-PEG-biotin. Biotin moieties presented at the polymer 
surface are used to immobilize tetrameric avidin molecules. 
Free biotin binding sites on the avidin molecules are in turn 
used to anchor biotinylated ligands. All steps in the surface 
engineering are performed in aqueous environments. 

tained in low glucose Dulbecco*s modified Eagle's medium 
(DMEM) supplemented with 10% fetal bovine serum, 0.5% 
penicillin, 0.5% streptomycin, and 1% L-glutamine in a hu- 
midified incubator at 37°C and 5% CO z . Cells were passaged 
by trypsinization before reaching confluence, usually every 
fifth day. Fresh media were added every other day. PC12 cells 
(ATCC CRL-1721) were grown in suspension culture in F-12K 
media supplemented with 15% horse serum, 2.5% fetal bovine 
serum, 0.5% penicillin, 0.5% streptomycin, and 1% I^gluta- 
mine in a humidified incubator at 37°C and 5% CO*. Cells 
were passaged 1:5 every third day 

Cell spreading experiment 

The biotinylated polypeptides were synthesized and their 
sequences confirmed at the MIT Biopolymer Processing 
Laboratory. The samples were sterilized under UV light for 
lOmin.Al mg/mL solution of peptide (biotin-GHGRGDS 
for endothelial cell experiments, biotin-GSCSRARKQAA- 
SIKVAVSADR for PC-12 cell experiments) was added to the 
tissue culture plate and allowed to incubate at 37°C on a 
shaker plate for 30 min. The samples were washed three 
times with sterile phosphate-buffered saline (PBS) prior to 
seeding with cells. 

BAECs between passages 7 and 9 were removed from tissue 
culture flasks by trypsinization, pelleted by centrifugation, re- 
suspended, washed three times, and diluted to the appropri- 



ate concentration in smim-free DMEM, PCI 2 cells were 
primed with culture medium containing 50 ng/mL 7S nerve 
growth factor (NGF) 48 h prior to the experiment. The cells 
were pelleted by centrifugation, washed three times with se- 
rum-free F-12K medium, passed through a 22-gauge needle to 
obtain a single cell suspension, and diluted to the appropriate 
concentration with serum-frce F-12K medium supplemented 
with 50 ng/mL 7S NGF. For both cell types, approximately 
10,000 cells/cm 2 were added to each sample and the plates 
returned to the incubator for the duration of the experiment 
(48 h). At the end point of the experiment, the samples were 
washed gentiy with PBS to remove unattached cells and visu- 
alized with a Nikon Diaphot TMD inverted microscope 
equipped with a Hitachi HV-C20 high-resolution CCD video 
camera using phase contrast objectives. Images were digitized 
using NIH Image (vL61) image analysis software. In addition, 
some BAEC samples were fixed in 10% neutral buffered for- 
malin for 10 min, washed with water, and stained with hema- 
toxylin for visualization. 
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Figure 2* A) The microti uidic patterning technique requires 
treatment of the PDMS mold with an 0 2 plasma. This treat- 
ment increases the hydrophilicity of any PDMS surface that is 
not protected by the gold surface. Transferring the treated 
mold to the PLA-PEG-biotin surfaces produces capillaries with 
hydrophilic walls. Avidin solution flow across the PLA-PEG- 
biotin surface is restricted to the capillary regions by the hy- 
drophobic regions of the mold base. B) Schematic 
representation of the microfluidic patterning technique. 
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Figure 3. A) Fluorescence microscopy image of 12 |im-wide lines of av-R on a PLA-PEG-biotin surface. The image was recorded 
at 10X magnification. Inset shows a region of the patterned surface at 60X magnification. B) Fluorescence microscopy image 
of 30, 50, 70, and 70 fim-wide lines of av-R on a PLA-PEG-biotin surface (10X) magnification. C) Phase detection AFM image of 
a line confirming the generation of a sharp pattern edge. D) Tapping mode AFM image of boundary between avidin covered 
lines and PLA-PEG-biotin only gap regions. The inset shows a 100 nm X 100 nm region of the line displaying individual molecules 
of the avidin. 



RESULTS AND DISCUSSION 

To generate a generic patterning technology for use 
in biomimetic materials design, we used avidin-bio- 
tin interaction as a functionality for the ligand im- 
mobilization. We introduced a biotin molecule as the 
end group of the PEG block of the PLA-PEG copol- 
ymer to produce the biodegradable molecule shown 
below (termed PLA-PEG-biotin). 




PLA PEG Biotin 



As shown schematically in Fig. 1, when films of PLA- 



PEG-biotin are exposed to aqueous solutions of av- 
idin, the polymer surface immobilizes avidin mole- 
cules. Each avidin molecule can then act as a bridge 
between the biotinylated polymer and a biotinylated 
ligand. PLA-PEG was chosen as the foundation for 
the surface engineering because this polymer has 
become established as a material that possesses ex- 
cellent bulk and surface properties for biomaterial 
applications (38) . In addition, the PEG chains act as 
flexible, hydrophilic spacers for the biotin moieties. 
The preservation of the biotin structure during the 
synthesis of PLA-PEG-biotin was verified by 'H-NMR, 
and the avidin binding ability of the tethered biotin 
was confirmed by surface plasmon resonance anal- 
ysis (39). 

A microfluidic network system (40, 41) was used to 
form a pattern of avidin molecules on PLA-PEG-bio- 
tin film surfaces. The pattern was composed of avidin 
functionalized lines, with widths of 70, 50, 30, or 12 
(im, separated by 250 ^m gaps that were free of the 
protein. To achieve pattern formation, an aqueous 
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Figure 4. Spatially controlled ad- 
hesion and spreading of bovine 
aortic endothelial cells on 70 and 
50 urn-wide lines containing RGD 
peptides. Panels A, B, D are trans- 
mission images. Panel C is a phase 
contrast image. 



solution of avidin was allowed to flow through capil- 
laries, created by placing a PDMS mold (see Fig, 2) 
on PLA-PEG-biotin surfaces. The mold must protect 
the polymer surface from the avidin solution over the 
gap regions while allowing the avidin solution to flow 
over the polymer in the capillaries. In its native state, 
the hydrophobic! ty of the PDMS ensured that regions 
of the polymer surface in contact with the mold base 
were protected from the avidin solution. However, 
this hydrophobicity also inhibited solution flow 
through the capillaries, so an oxygen plasma tech- 
nique was developed to render the capillary walls hy- 
drophilic while maintaining the hydrophobicity of 
the mold base (Fig. 2A). Base regions of the mold 
were shielded from the activity of the plasma by con- 
formal contact with an epitaxially grown gold surface. 
The mold was then transferred to the PLA-PEG-bio- 
tin surface. Contact angle analysis confirmed the dif- 
ferential hydrophobicity/hydrophilicity of shielded 
and unshielded regions of the mold. Shielded 
regions displayed contact angles of 105° with water, 
whereas unshielded regions were saturated with wa- 
ter drops. Further evidence of the successful treat- 
ment of the capillary walls was provided by the rapid 
flow of water through the capillaries. 

The flow of the avidin solution through the hydro- 
philic capillaries was monitored by fluorescence mi- 



croscopy using avidin labeled with rhodamine (av-R) . 
After 1 h of exposure of PLA-PEG-biotin to the av-R 
solution, the sample was washed thoroughly and the 
mold was removed by peeling. Resulting patterns of 
av-R on the PLA-PEG-biotin surface are shown in Fig* 
SA,B. The presence of a sharp boundary between av- 
idin-immobilized and protein-free regions has been 
confirmed by phase detection AFM (Fig. 3Q, in 
which differences in viscoelastic and adhesive prop- 
erties of avidin and PLA-PEG-biotin generate image 
contrast (42). 

The thickness of the avidin layer deposited on the 
PLA-PEG-biotin was measured by tapping mode 
AFM. The AFM image in Fig. 3D shows the topogra- 
phy of a PLA-PEG-biotin surface at a protein bound- 
ary. The edge of the line was resolved, and cross-sec- 
tional analysis recorded a step height of less than 5 
nm. Given that the dimensions of the avidin molecule 
have been estimated as 5.6 nm X 5.0 nm X 4.0 nm 
by X-ray crystallography (43), a step height of 5 nm 
is indicative of a monolayer coverage. The inset im- 
age shows a 100 nm X 100 nm scan of the channel 
on which molecular-resolution of the protein has 
been achieved. On some areas of the avidin channel, 
protein aggregates are evident. These aggregates 
were resistant to washing with water. The AFM image 
in Fig. 3D also demonstrates the exceptional control 
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Figure 5. Spatially controlled ad- 
hesion and spreading of PCI 2 
cells on lines containing 1KVAV 
peptides recorded by phase con- 
trast light microscopy. A) Low 
magnification image showing the 
preferential adhesion of PCI 2 
cells to the 70 and 50 pm-wide 
lines. 1$, C) Images showing neu- 
rits extension and joining be- 
tween individual PC 12 cells and 
cell clusters. White markers indi- 
cate the boundaries of the 70 um 
lines. No neurites were observed 
to extend from any PCI 2 cells that 
adhered on nonpatterned regions. 
D) The path of the neurite extend- 
ing up the left-hand boundary of 
the line is altered by the IKVAV pep- 
tide pattern restricting the neurite 
to the line. 




of avidin distribution along the channel edge. Lateral 
deviations of this edge from a straight line are small. 
The largest lateral deviation on this image is 30 nm, 
equivalent to approximately 6 avidin molecules. Most 
deviations were found to be less than 20 nm in 
length. 

The micron-scale patterns of avidin on the PLA- 
PEG-biotin surfaces were dien used to immobilize 
biotinylated peptides containing either the fibronec- 
tin fragment RGD or the laminin fragment IKVAV. 
Initial cell culture studies were performed on the 
RGD-presenting patterns, using BAECs to prove that 
the patterns could spatially organize the adhesion of 
an anchorage-dependent cell type. As shown in Fig. 
4, the BAECs adhered and spread on the RGD-func- 
tionalized lines but did not adhere to unfunctional- 
ized areas between the lines. Complete cell coverage 
of the 70 and 50 urn width lines was achieved, but 
little cell adhesion occurred to the 30 or 12 (Xrn-wide 
lines. 

Having proved diat patterns on the biodegradable 
surface could be used in spatially controlled cell en- 
gineering, we investigated the control of a cell devel- 
opmental process, namely, directed neurite exten- 
sion. Directed neurite extension occurs during 
peripheral nerve regeneration, and it is known that 



one component of this extension is integrin-to-lami- 
nin interactions (15, 44-47), PC12 cells were used in 
this study because of their known laminin-induced 
neurite extension. As shown in Fig. 5, PCI 2 cells 
showed selective adherence to the IKVAV funcuon- 
alized lines, with only a small degree of cell adhesion 
between the lines (Fig. 5). In addidon, no cell ad- 
hesion was observed on negative control samples con- 
sisting of PLA-PEG-biotin-avidin patterns in the 
absence of the biotinylated IKVAV sequence. Direc- 
tionally controlled neurite outgrowth was stimulated 
by the IKVAV micropattern, with neurites extending 
between groups of cells often hundreds of microns 
apart (Fig. 5B, Q . The extent of control over neurite 
growth was demonstrated by the morphology of 
many neurites that approached the boundary be- 
tween the functionalized and unfunctionalized sur- 
faces, but were always effectively restricted from 
crossing the interface (Fig. 5D). 

CONCLUSIONS 

The mimicking of biological microenvironments by 
using biomolecular ligands immobilized on the sur- 
faces of biodegradable polymer templates is a major 
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tool in cell engineering. As the lefe'i of sophistication 
of this mimicking increases, driven by the desire to 
bioengineer complex human tissues, there is a need 
to control not only the type of receptor-mediated in- 
teractions but also the location of template-to-cell in- 
teractions. This spatial control of cell engineering is 
required to direct cell growth for cell types that re- 
quire precise spatial development to function (e.g., 
nerve cells). In addition, spatial control provides a 
mechanism for influencing cell-to-cell interactions. 

The patterning technique described in this paper 
provides a generic technology by which any biotiny- 
lated ligand can be patterned onto the surface of a 
biodegradable polymer. The polymer structure can 
be tailored to meet the requirements of specific 
bioengineering applications. The ability to pattern 
such a wide range of ligands opens new possibilities 
in spatially controlled cell engineering, because the 
ability to control cell organization on the templates 
becomes limited by our understanding of the molec- 
ular biology of ligand-to-receptor binding and its in- 
fluence on cellular development, not by surface en- 
gineering constraints. 

Advances in cell patterning have recendy been re- 
ported, primarily those on gold surfaces patterned 
using molecular self-assembly (11, 13). These studies 
utilize the ability to precisely control the patterning 
procedures with nanometer precision of molecular 
immobilization. If the field of tissue engineering is to 
exploit these fundamental studies, it is necessary to 
achieve similar patterning precision on biodegrada- 
ble polymer templates. The detailed surface analysis 
of our patterned surfaces has revealed that our tech- 
nique retains the precision of ligand immobilization. 

Finally, the ability to direct neurite extension on 
the patterned templates demonstrates that natural 
biological organizational principles can be mimicked 
successfully. Research on the mechanisms of periph- 
eral and central nerve regeneration continues to re- 
veal mechanisms by which medical interventions can 
augment natural regenerative processes (47-51). Pat- 
terned templates that determine the nature and location 
of neurite-to-matrix interactions offer the potential to 
refine our ability to guide regeneration. ^ 

The authors thank G. Laws and J. R. Middleton for their 
assistance in the preparation of the patterned master. M.C.D,, 
S.J.B.T., and CJ.R. acknowledge Eli Lilly for the funding of a 
studentship to N.P.; G.H.W.S. acknowledges the EPSRC for 
postdoctoral funding; S.M.C. acknowledges support from an 
NIH postdoctoral fellowship. K.M.S, is an EPSRC Advanced 
Research Fellow and wishes to acknowledge the support of the 
International Committee Fund. SJ.B.T. is a Nuffield Foun- 
dation Science Research Fellow. R.S.L. acknowledges the Na- 
tional Science Foundation for support. 

REFERENCES 

1. Hubbell J. A. (1995) Biomatcrials in tissue engineering. Bio-Tech- 
nology 13, 565-576 



2. Lopina, S, T„ Wu, G., Mfo'Vill, E. W., and Griffith-Cima, L. (1996) 
Hepatocyte culture on carbohydrate-modified star polyethylene 
oxide hydrogels. Biomaterials 17, 559-569 

3. Han, D. K., and Hubbcll, J. A. (1996) Lactide-based 
poly (ethylene glycol) polymer networks for scaffolds in tissue 
engineering. MacromolecuUs 29 , 5233-5235 

4. Ruoslahti, E. (1996) RGD and other recognition sequences or 
integrins. Annu. Rev. Cell Dev. Biol, 12, 697-715 

5. Massia, S. P., and Hubbell,J. A. (1991) An RGD spacing of 440 
nm is sufficient for integrin OrV-p-3-mediated fibroblast spread- 
ing and 140 nm for focal contact and stress fiber formation./ 
CeUBioi 114, 1089-1100 

6. Humphries, M. (1996) Integrin activation; the link between li- 
gand binding and signal transduction. Curr. Opin, Cell Biol 8, 
632-640 

7. Schlaepfer, D. D„ Hanks, S. K., Hunter, T., and van der Geer, P. 
(1994) Integrin-mediated signal transduction linked to Ras path- 
way by GRB binding to focal adhesion kinase. Nature (London) 
372, 786-791 

8. Palecek, S. P., Loftus, J. C, Ginsberg, M. H., Lauffenburger, 
D. A., and Horwitz, A. F. (1997) Integrin-ligand binding prop- 
ertics govern cell migration speed through cell-substratum ad- 
hesiveness. Nature (London) 385, 537-540 

9. Lhoest,J.-B., Detrait, E., Dewez, J.-L., Van den Bosch de Aguilar, 
P., and Bertrand, P. (1996) A new plasma-based method to pro- 
mote cell adhesion on micrometric tracks on polystyrene sub- 
strates./ Biomater. Sci. Polym. Ed. 7, 1039-1054 

10. Hickman, J. J., Bhatia, S. K., Quong, J. N,, Shoen, P., Stenger, 
D. A., Pike, C. J., and Cotman, C. W. (1994) Rational pattern 
design for in vitro cellular networks using surface photochemis- 
try./. Vacuum So. TechnoL 12, 607-616 

11. Mrksich, M., Chen, C. S., Xia, Y., Dike, L. E., Ingber, D. E., and 
Whitesides, G. M. (1996) Controlling cell attachment on con- 
toured surfaces with self-assembled monolayers of alkanethio- 
lates on gold. Proc. Natl Acad. Set, USA 93, 10775-10778 

12. Lee, J.-S., Kaibara, M., Iwaki, M., Sasabe, H., Suszuki, Y., and 
Kusakabe, M, (1993) Selective adhesion and proliferation of cells 
on ion-implanted polymer domains. BiomateriaU 14, 958-960 

13. Chen, C. S„ Mrksich, M., Huang, S., Whitesides, G, M„ and Ing- 
ber, D. E. (1997) Geometric control of cell life and death. Science 
276, 1425-1428 

14. Spargo, B.J., TestofT, M. A., Nielsen, T, B„ Stenger, D, A., Hick- 
man, J. J., and Rudolph, A. S. (1994) Spatially controlled adhe- 
sion, spreading, and differentiation of endothelial cells on self- 
assembled molecular monolayers. Pwc. Natl. Acad, Set. USA 91, 
11070-11074 

15. Ranieri, J, P., Bellamkonda, R„ Bekos, E. J., Vargo, T. G., Gar- 
dclla, J. A,, and Aebischer, P. (1995) Neuronal cell attachment 
to fluorinated ethylene propylene films with covalently immo- 
bilized laminin oligopeptides YI GSR and IKVAV./ Biomed. Mater. 
Res. 29, 779-785 

16. Ranieri, J. P„ Bellamkonda, R., Bekos, E. J., Gardella, J, A., Jr., 
Mathicu, H. J., Ruiz, L. ( and Aebischer P. (1994) Spatial control 
of neuronal cell attachment and differentiation on covalently 
patterned laminin oligopeptides substrates. Int. J. Dev. Neurosci. 
12, 725-735 

17. Minuth, W. W., Sittinger, M., and Kloth. S. (1998) Tissue engi- 
neering generation of differentiated artificial tissue for biomed- 
ical applications. Cell Tissue Res. 291, 1-11 

18. Larue, L., Antos, C, Butz, S., Huber, O., Delmas, V., Dominis, 
M., and Kemlcr, R. (1996) A role for cadherins in tissue forma- 
tion. Development 122, 3185-3194 

19. Michalopoulos G. K., and DeFrances M. C (1997) Liver regen- 
eration. Science 276, 60-66 

20. Cima, L. G., and Langer, R. (1993) Engineering human tissue. 
Chem. Engin. Prog., June, 46-54 

21. Langer, R., and Vacanti, J. P. (1993) Tissue engineering. Science 
260, 920-926 

22. Drumheller. P. D., and Hubbelt.J. A. (1994) Polymer networks 
with grafted cell-adhesion peptides for highly biospecific cell ad- 
hesive substrates. Anal. Biochem, 222, 380-388 

23. Cook, A. D., Hrkach, J. S., Gao, N. N„ Johnson, I. M., Pajvani, 
U. B„ Cannizzaro, S. M., and Langer, R. (1997) Characterization 
and development of RGD-peptidc-modificd poly(lactic acid-co- 
lysine) as an interactive, resorbable biomater ial./ Biomed. Mater, 
/?«. 35,513-523 



SPATIALLY CONTROLLED TISSUE ENGINEERING 



1453 



24. Ho, S. P., and Britton, D. H. O. (199?f Xrg-gly-Asp peptides in 
polyurethanes: design, synthesis and characterization. Adv. Ma- 

130-130 

25. Cao, Y. L., Vacanti, J. P., Paige, K. T., Upton, J„ and Vacanti, 
C. A. (1997) Transplantation of chondrocytes utilizing a poly- 
mer-cell construct to produce tissue-engineered cartilage in the 
shape of a human ear. Plast. Reconstr. Surg. 100, 297-302 

26. Mooncy, D. J., Sano, K., Kaufman n, P. M., Majahod, K., Schloo, 

B. , and Vacanti, J. P. (1997) Long-term engraftment of hepato- 
cytes transplanted on biodegradable polymer sponges,/ Biomed. 
Mater. Res. 37, 413-420 

27. Shibuya, Y„ Mizoguchi, A„ Takeichi, M., Shimada, K., and Idc, 

C. (1995) Localization of N<adherin in the normal and regen- 
erating nerve fibres of the chicken peripheral nervous system. 
NeuroscienceW, 253-261 

28. Geiger, B., and Ayalon, O. (1992) Cadherins. Annu. Rev. CellBiol. 
8, 307-332 

29. Ben-Ze'ev, A., Robinson, C. S., Bucher, N. L. R., and Farmer, 
S. R. (1988) Cell-cell and cell-matrix interactions differentially 
regulate the expression of hepatic and cytoskeletal genes in pri- 
mary cultures of rat hepatocytes. Proc. Natl Acad. Sci. USA 85, 
2161-2165 

30. Yamada, K. M. (1991) Adhesive recognition sequences./ Biol 
Chan, 266, 12809-12812 

31. Pasqualini, R., and Ruoslahti, £. (1996) Organ targeting In vivo 
using phage display peptide libraries. Nature (London) 380, 364- 
366 

32. Langer, R. (1995) 1994 Whittaker Lecture: Polymers for drug 
delivery and tissue engineering. Ann. Biomed. Engin. 23, 101-1 1 1 

33. Ratner, B. D. (1 996) The engineering of biomaterials exhibiting 
recognition and specificity./. Mot Recognit. 9, 617-625 

34. Proceedings of the 40th International Conference on Electron, 
Ion and Photon Beam Technology and Nanofabrication. (1996) 
J. Vacuum Sci. Technol., Vol. 7 

35. Zhao, X. M„ Xia, Y. ( and Whitesides, G. M. (1997) Soft litho- 
graphic methods for nano-fabrication./ Mater. Chem. 7, 1069- 
1074 

36. Kumar, A., Biebuyck, H. A., and Whitesides, G. M. (1994) Pat- 
terning of self-assembled monolayers: applications in materials 
science. LangmuirlO, 1498-1511 

37. DeRose, J. A., Thundat, T„ Nagahara, L. A., and Lindsay, S. M. 
(1991) Gold grown epitaxially on mica — conditions for large 
area flat faces. Surface Sci, 256, 102-108 



38. Li, S. M„ Rashkov, I., Kjktrtero, J. L., Manolova, N., and Vert, 
M. (1996) Synthesis, characterization, and hydrolytic degrada- 
tion of PLA/PEO/PLA triblock copolymers with long poly(Mac- 
tic acid) blocks. Macromolecutes 29, 57-62 

39. Cannizzaro, S, M., Padera, R. F., Langer, R., Rogers, R., Black, 
F. E., Davies, M. C, Tendler, S. J. B., and Shakesheff, K. M. 
(1998) A novel biotinylated degradable polymer for cell-inter- 
active applications. Biotechnol. Bioengin. In press 

40. Kim, E., Xia, Y., and Whitesides, G. M. (1995) Polymer micro- 
structures formed by molding in capillaries. Nature (London) 376, 
581-584 

41. Delamarche, E., Schmid, H., Michel, B., and Briebuyck, H. 
(1997) Stability of molded polydimethylsiloxane microstructu- 
rcs. Adv. Mater. 9, 741-746 

42. Tamayo, J., and Garcia, R, (1996) Deformation, contact time and 
phase contrast in tapping mode scanning force microscopy. 
Langmuir 12, 4430-4435 

43. Pugliese, L. ( Coda, A., Malcovati, M., and Bolognesi, M. (1993) 
3-DimensionaI structure of the tetragonal crystal form of egg- 
white avdin in its functional complex with bio tin at a 2.7 ang- 
strom resolution./ Mol Biol 231, 698-710 

44. Taskinen, H.-S., Heino, J., and Roytta, M. (1995) The dynamics 
of pi integrin expression during peripheral nerve regeneration. 
Acta Neuropathol 89, 144-151 

45. Pollock, M. (1995) Nerve regeneration. Curr. Opin. Neurol. 8, 
354-358 

46. Ide, C. (1996) Peripheral nerve regeneration. NeuroscL Res. 25, 
101-121 

47. Brecknell, J. E„ and Fawcett, J. W. (1996) Axonal regeneration. 
Biol Rev. 71, 227-255 

48. Ochi, M., Wakasa, M„ Ikuta Y„ and Kwong, W. H. (1994) Nerve 
regeneration in predegene rated basal lamina graft the effect of 
duration on axonal extension. Exp. Neurol 128, 216-225 

49. Evans, P. J., Midha, R., and Mackinnon, S. E. (1994) The pe- 
ripheral nerve allograft: a comprehensive review of regeneration 
and neuroimmunology. Prog. Neurobiol 43, 187-233 

50. Decherchi, P., and Gauthier, P. (1996) In vitro pre-degenerated 
nerve autografts support CNS axonal regeneration. Brain Res. 
726, 181-188 

51. Nicholls,J., and Saunders, N. (1996) Regeneration of immature 
mammalian spinal cord after injury. Trends Neurosci. 19, 229-234 

Received for publication March %1,1 998, 
Revised for publication June 17, 1998. 



1454 Vol.12 November 1998 



The FASEB Journal 



PATEL ET AL 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



? 



